12 United States Patent

Ohsawa et al.

US007235343B2

(10) Patent No.: US 7,235,343 B2

(54) PHOTOACID GENERATORS, CHEMICALLY
AMPLIFIED RESIST COMPOSITIONS, AND
PATTERNING PROCESS

(75) Inventors: Youichi Ohsawa, Niigata-ken (JP);

Katsuhiro Kobayashi, Nugata-ken
(JP); Tatsushi Kaneko, Niigata-ken
(JP)
(73) Shin-Etsu Chemical Co., Ltd., Tokyo
(IP)

Assignee:

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 18 days.

Notice:

(%)

(21)
(22)

Appl. No.: 10/842,719

Filed: May 11, 2004

Prior Publication Data

US 2004/0229162 Al Nov. 18, 2004

(65)

(30)
May 12, 2003

(1)

(52)
(58)

Foreign Application Priority Data
(JP) 2003-132523

Int. CL
GO3F 7/031 (2006.01)

US.CL o, 430/270.1; 430/921

Field of Classification Search ..................... None
See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

4,120,866 A * 10/1978
5,585,507 12/1996
5,635,332 6/1997
5,756,850 5/1998
6,004,724 12/1999

(56)

Winkler .....oooevvveeninn... 548/440
Nakano et al.

Nakano et al.

[wasa et al.

Yamato et al.

Takahashi

0,187,504
0,201,738
0,274,286
6,440,634
0,541,179
0,602,647
0,682,869
6,686,429

2002/0098443
2002/0115018
2002/0172886
2003/0198889

":":":":":C]
"U"U"U"U"Uw

FOR.

A
A
A
A
6,093,753 A 7/2000
B
B
B
B

2/2001
7/2001
8/2001
8/2002
4/2003
8/2003
1/2004
2/2004
7/2002
8/2002

11/2002
10/2003

< ]GN PA
2 348 644 A

7-25846 A
7-28237 A
8-27102 A
8-146607 A
9-95479 A

Suwa et al.
Asakura et al.
Hatakeyama et al.
Ohsawa et al.
Hatakeyama et al.
[wasa et al.
Ohsawa et al.
Dammel et al. ............ 526/297
Hatakeyama et al.
Hatakeyama et al.
Momota et al.
[wasa et al.

ENT DOCUMENTS

10/2000
1/1995
1/1995
1/1996
6/1996
4/1997

45) Date of Patent: Jun. 26, 2007
JP 0-118663 A 5/1997
JP 0-208554 A 8/1997
JP 0-230588 A 8/1997
JP 0-301948 A 11/1997
JP 10-48814 A 2/1998
JP 10-232490 A 0/1998
JP 10-319581 A 12/1998
JP 11-84639 A 3/1999
JP 2906999 A 4/1999
JP 11-190904 A 7/1999
JP 2000-292917 A 10/2000
JP 2000-314956 A 11/2000
JP 2001-122850 A 5/2001
JP 2001-324813 A 11/2001
JP 2001-337448 A 12/2001
JP 2001-354669 A 12/2001
JP 2002-23354 A 1/2002
JP 2002-40636 A 2/2002
JP 2002-226470 A 8/2002
JP 2002-229192 A 8/2002
JP 2002-2494778 A 9/2002
JP 2002-278053 A 9/2002
JP 2002-363146 A 12/2002
JP 2002-363148 A 12/2002
JP 2002-363152 A 12/2002

OTHER PUBLICATTONS

Azuma et al, SPIE, 3999, 264-269 (2000).

Koj1 Arimitsu et al., J. Photopolym, Sci. and Tech., vol. 9, No. 1, pp.
29-30 (1996).

Koj1 Arimutsu et al., J. Photopolym, Sci. and Tech., vol. 8, No. 1, pp.
43-46 (1995).

* cited by examiner

Primary Examiner—Barbara L. Gilliam

(74) Attorney, Agent, or Firm—Birch, Stewart, Kolasch &
Birch, LLP
(57) ABSTRACT

Photoacid generators have formula (1) wherein R' and R?
are alkyl, or R' and R”, taken together, may form a C,—C,
ring structure with sulfur, R 1s hydrogen or alkyl, R' 1s
hydrogen, alkyl, alkoxyl or nitro, n 1s 1 to 6, and Y~ 1s
alkylsulfonate, arylsulfonate, bisalkylsulfonylimide or tris-
alkylsulfonylmethide. Chemically amplified resist composi-
tions comprising the same have improved resolution, ther-

mal stability, storage stability and minimized line edge
roughness
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PHOTOACID GENERATORS, CHEMICALLY
AMPLIFIED RESIST COMPOSITIONS, AND
PATTERNING PROCESS

This Nonprovisional application claims priority under 35
U.S.C. § 119(a) on Patent Application No(s). 2003-132523

filed 1n JAPAN on, May 12, 2003, the entire contents of
which are hereby incorporated by reference.

This invention relates to photoacid generators for chemi-
cally amplified resist compositions, chemically amplified
resist compositions comprising the photoacid generators,
and a patterning process using the same. The chemically
amplified resist compositions are sensitive to such radiation
as UV, deep UV, electron beams, x-rays, excimer laser
beams, y-rays, and synchrotron radiation and suitable for the
microfabrication of mtegrated circuits.

BACKGROUND OF THE INVENTION

While a number of recent eflorts are being made to
achieve a finer pattern rule 1n the drive for higher integration
and operating speeds 1 LSI devices, DUV and VUV lithog-
raphy 1s thought to hold particular promise as the next
generation 1n microfabrication technology. At present, the
manufacture of advanced semiconductor devices having a
feature size of 0.15 um 1s conducted by photolithography
using a KrF excimer laser, and even 0.13-um rule devices are
on the verge of commercial manufacture. It 1s strongly
desired that photolithography using an ArF excimer laser as
the light source reach the practical level as the micropat-
terming technique capable of achieving a feature size of 0.13
um or less.

In the photolithography using an ArF excimer laser
(wavelength 193 nm) as the light source, a high sensitivity
resist material capable of achieving a high resolution at a
small dose of exposure 1s needed to prevent the degradation
of precise and expensive optical system materials. Among
several measures for providing a high sensitivity resist
material, the most common 1s to select each component
which 1s highly transparent at the wavelength o1 193 nm. For
example, poly(meth)acrylic acid and derivatives thereof,
norbornene-maleic  anhydride alternating copolymers,
polynorbornene and metathesis ring-opening polymers have
been proposed as the base resin. This choice 1s effective 1n
that the transparency of a resin alone 1s increased. However,
the photoacid generator has the problem that increasing its
transparency leads to a drop of acid generation efliciency,
resulting 1n a low sensitivity or the lack of thermal stability
and storage stability. There 1s available no photoacid gen-
erator which 1s practically acceptable.

For example, JP-A 7-25846, IJP-A 7-28237, IP-A
8-27102, JP-A 2001-354669, and JP-A 2002-40636 disclose

alkylsulfonium salts which are highly transparent, but unsat-
isfactory in acid generation efliciency and thermal stability.

The following salts are illustrated in JP-A 7-25846, JP-A
2001-354669, and JP-A 2002-40636.
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JP-A 10-319581 discloses alkylarylsulfonium salts which
have a high sensitivity and a good balance of transparency
and acid generation efliciency, but lack thermal stability and
storage stability.

OH
A
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Further, JP-A 8-146607, JP-A 9-118663, JP-A 10-48814,
JP-A 10-232490 and JP-A 2002-229192 disclose sulfonium
salts having naphthyl groups, and describe that resist com-
positions comprising the same exhibit a high sensitivity,
high resolution and improved pattern configuration. These
naphthyl group-containing sulfonium salts have a high trans-
mittance near 193 nm, but an inferior sensitivity to the
conventional triarylsulfonium salts. The sensitivity can be
enhanced by increasing the amount of the salt added to resist
compositions, but noticeable demerits are introduced. That
1s, adding large amounts of low-molecular weight compo-
nents to resist compositions can cause degradation of dis-
solution properties, precipitation of substantially isoluble
sulfomum salts, and conversion thereof into foreign matter.

Additional drawbacks are that for example, trinaphthyl-
sulfonmum salts and 2-dialkylnaphthylsulfonium salts are
difficult to produce, and that 1-naphthyldialkylsulionium
salts which are unsubstituted (hydrogen atom) at 2-position
lack storage stability 1n resist solution.

The following salts are disclosed in JP-A 8-146607, JP-A
0-118663, JP-A 10-48814, JP-A 10-232490 and JP-A 2002-
229192.
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-continued
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X

Arylsulfonium salts, which are regarded eflective 1n pho-
tolithography using a KrF excimer laser, are good 1n acid
generation elliciency, thermal stability and storage stability,
but very low transparent to light so that the pattern resulting,
from exposure and development i1s noticeably tapered. The
lack of transparency can be compensated for by thinning the
resist film, but such a thin resist film has extremely low etch
resistance. This 1s inadequate as the pattern forming process.
Most of the foregoing salts are onium salts whose cation side
structure 1s modified. It was reported that with respect to
resolution and pattern configuration, there 1s a close rela-
tionship between the type of acid generated and the type of
acid labile group.

With the advance toward a finer feature size, line edge
roughness and a size difference between an 1solated pattern
and a densely packed pattern, known as I/G bias are
regarded problematic. It 1s well known that even when
feature sizes are the same on the mask, a size difference
appears between an 1solated pattern and a densely packed
pattern after development. This problem becomes serious
with sizes 1n excess of the wavelength. This 1s because a
difference 1n light interference upon image formation
between an isolated pattern and a densely packed pattern
brings about a diflerence 1n optical intensity. The resist size
decreases with an increase of pitch (pitch=the sum of line
size and space size, i this case, the line size remains
unchanged and the space size 1s increased) and becomes
increasingly thinner with the enhancement of acid diffusion.
The problem of size dependency on line density that the size
of an 1solated pattern 1s thinner than that of a densely packed
pattern becomes serious. One proposed approach for reduc-
ing the line density dependency 1s to reduce the distance of
acid diffusion. However, 1if acid diffusion 1s extremely
restrained, the side walls of resist patterns after development
are serrated or roughened by standing waves, and line edge
roughness 1s enhanced. It has been reported that the serration
of side walls by standing waves becomes sharper as the
distance of acid diffusion 1s reduced. For the line edge
roughness as observed under top-down SEM, the same
tendency 1s ascertaimned, that 1s, line edge roughness
increases as acid diflusion decreases. A common approach
for reducing the roughness of lines 1s by increasing the
distance of acid diffusion, but this approach fails to improve
the line density dependency over a certain limit. For improv-
ing line edge roughness, 1t may be effective to increase the
optical contrast. For example, at the same exposure wave-
length, the line edge roughness decreases as the line width
increases. Even at the same exposure wavelength and line
width, the line edge roughness decreases with an increasing,
NA of a stepper and 1n the case of repetitive patterns, 1s
smaller with modified illumination (e.g., annular 1llumina-
tion, quadrupole 1llumination) than with normal 1llumination
and with phase shift masks than with conventional Cr masks.
The contrast at pattern line edges 1s correlated to the line
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edge roughness so that the line edge roughness becomes
smaller as the line edge contrast becomes sharper. With
respect to exposure wavelength, 1t 1s expected that the line
edge roughness becomes smaller upon exposure at shorter
wavelengths. However, when line edge roughness 1s com-
pared between KrF exposure and ArF exposure, the ArF
exposure 1s deemed to provide a higher optical contrast
owing to its shortness of wavelength and a smaller line edge
roughness, but actually, the KrF exposure 1s advantageous,
as reported 1n SPIE 3999, 264 (2000). This 1s attributable to
the performance diflerence between KrF and ArF resist
materials, indicating that the line edge roughness originating
from material factors upon ArF exposure 1s serious. It would
be desirable to have a photoacid generator which improves
line edge roughness and at the same time, does not exacer-
bate line density dependency.

SUMMARY OF THE INVENTION

The photoacid generators for use in resist compositions
are required to have a fully high solubility (or compatibility)
in resist solvents and resins, good storage stability, non-
toxicity, ease of application, good pattern profile shape, PED
stability, high resolution and especially, good sensitivity, and
case of synthesis. Conventional photoacid generators, espe-
cially alkylsulfonium compound photoacid generators fail to
satisly all of these requirements.

An object of the invention i1s to provide a photoacid
generator which 1s easy to synthesize and affords a chemi-
cally amplified resist composition having a high sensitivity
and high resolution, a resist composition comprising the
same, and a patterning process using the resist composition.

It has been found that a resist composition comprising a
photoacid generator 1n the form of a sulfonium salt having
the formula (1) defined below, especially a sulfonium salt
having the formula (1a) or (1b), 1s improved in dissolution,
storage stability, and ease of application, experiences mini-
mized line width changes and shape degradation even 1n the
case of long lasting PED, afiords an improved pattern profile
shape following development, and exhibits a high resolution
and sensitivity suited for micropatterning, especially by
deep-UV lithography.

In a first aspect, the present invention provides a photo-
acid generator for chemically amplified resist compositions,
having the following general formula (1).

(1)

RN =

Herein R' and R* are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R?, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached; R 1s hydrogen or a substituted or unsub-
stituted alkyl group of 1 to 10 carbon atoms; R' 1s hydrogen,
a substituted or unsubstituted alkyl group of 1 to 10 carbon
atoms, a substituted or unsubstituted alkoxyl group of 1 to
10 carbon atoms, or a nitro group; n 1s an integer of 1 to 6;
and Y~ 1s a substituted or unsubstituted alkylsulfonate of 1
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to 10 carbon atoms, a substituted or unsubstituted arylsul-
fonate of 6 to 20 carbon atoms, a substituted or unsubstituted
bisalkylsulfonylimide of 2 to 10 carbon atoms, or a substi-
tuted or unsubstituted trisalkylsulfonylmethide of 3 to 12
carbon atoms.

Another embodiment 1s a photoacid generator for chemi-
cally amplified resist compositions, having the following
general formula (1a).

(1a)

4

Herein R' and R* are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which

they are attached; R 1s hydrogen or a substituted or unsub-
stituted alkyl group of 1 to 10 carbon atoms; and Ya™ is a
perfluoroalkylsulionate of 1 to 8 carbon atoms, bis(pertiuo-
roalkylsulfonyl)imide of 2 to 10 carbon atoms or tris(per-
fluoroalkylsulfonyl)methide of 3 to 12 carbon atoms.

A Turther embodiment 1s a photoacid generator for chemi-
cally amplified resist compositions, having the following
general formula (1b).

(1b)
(X)m

N

OR

\

A

Herein R 1s hydrogen or a substituted or unsubstituted alkyl
group ol 1 to 10 carbon atoms; Ya™ 1s a perfluoroalkylsul-
fonate of 1 to 8 carbon atoms, bis(perfluoroalkylsulionyl)
imide of 2 to 10 carbon atoms or tris(perfluoroalkylsulionyl)
methide of 3 to 12 carbon atoms; X 1s CH, (methylene) or
O (oxygen atom); and m 1s O or 1.

In a second aspect, the mvention provides a chemically
amplified resist composition comprising (A) a resin which
changes its solubility 1n an alkaline developer under the
action of an acid, and (B) the photoacid generator defined
above.

A preferred embodiment 1s a chemically amplified posi-
tive resist composition comprising (A) a resin which
changes its solubility 1n an alkaline developer under the
action of an acid, and (B) the photoacid generator defined
above. The resist composition may further comprise (C) a
compound capable of generating an acid upon exposure to
radiation, other than component (B) and desirably, (D) a
basic compound. In a preferred embodiment, the resin (A)
has such substituent groups having C—O—C linkages that
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6

the solubility 1n an alkaline developer changes as a result of

scission of the C—O—C linkages under the action of
acid.

In a third aspect, the invention provides a process for
forming a pattern, comprising the steps of (1) applying the
resist composition onto a substrate to form a coating, (11)
heat treating the coating and exposing the coating to high
energy radiation with a wavelength of up to 250 nm or
clectron beam through a photomask, (i11) optionally heat
treating the exposed coating, and developing the coating
with a developer.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

Photoacid Generator

In the first aspect, the present imnvention provides photo-
acid generators for use 1n chemically amplified resist com-
positions, represented by the general formulae (1), (1a) and

(1b).

(1)

RZ R!

N
P
OR.
~
| X

%

(R

~
=

In formula (1), R' and R®, which may be the same or
different, are each independently a straight, branched or
cyclic, unsubstituted or oxygen-containing alkyl group of 1
to 6 carbon atoms, or R' and R®, taken together, may form
an unsubstituted or oxygen-containing ring structure of 4 to
6 carbon atoms with the sulfur atom to which they are
attached. R 1s hydrogen or a substituted or unsubstituted
alkyl group of 1 to 10 carbon atoms. R' 1s hydrogen, a
substituted or unsubstituted alkyl group of 1 to 10 carbon
atoms, a substituted or unsubstituted alkoxyl group of 1 to
10 carbon atoms, or a mitro group. The subscript n 1s an
integer of 1 to 6. Y~ 1s a substituted or unsubstituted
alkylsulfonate of 1 to 10 carbon atoms, a substituted or
unsubstituted arylsulionate of 6 to 20 carbon atoms, a
substituted or unsubstituted bisalkylsulfonylimide of 2 to 10
carbon atoms, or a substituted or unsubstituted trisalkylsul-
fonylmethide of 3 to 12 carbon atoms.

(la)

In formula (1a), R', R* and R are as defined above. Ya~
1s a perfluoroalkylsulfonate of 1 to 8 carbon atoms, bis
(perfluoroalkylsulfonyl)imide of 2 to 10 carbon atoms or
tris(perfluoroalkylsulfonyl)methide of 3 to 12 carbon atoms.
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(1b)
(X)m

L

/\)\/OR
NN

~NF

In formula (1b), R and Ya™ are as defined above, X 1s CH,
(methylene) or O (oxygen atom), and m 1s O or 1.

In formulae (1) and (1a), R' and R*, which may be the
same or different, are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R?, taken together,

may form an unsubstituted or oxygen-containing ring struc- -,

ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached. Specifically, alkyl groups include methyl,
cthyl, n-propyl, sec-propyl, n-butyl, sec-butyl, iso-butyl,
tert-butyl, and n-hexyl, or R' and R* may bond together to
form butylene, pentylene or 2,5-hexylene. Preferably, R' and
R* are methyl or ethyl, or R' and R2 bond together to form
butylene.

In formulae (1), (1a) and (1b), R 1s hydrogen or a
substituted or unsubstituted alkyl group of 1 to 10 carbon
atoms. Exemplary alkyl groups include methyl, ethyl, n-pro-
pyl, sec-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl,
n-pentyl, n-hexyl, cyclohexyl, and n-octyl. Of these, n-butyl,
n-hexyl and cyclohexyl are preferred.

In formula (1), R' 1s hydrogen, a substituted or unsubsti-
tuted alkyl group of 1 to 10 carbon atoms, a substituted or
unsubstituted alkoxyl group of 1 to 10 carbon atoms, or a
nitro group. Exemplary alkyl groups include methyl, ethyl,
n-propyl, sec-propyl, n-butyl, sec-butyl, 1so-butyl, tert-butyl,
n-pentyl, n-hexyl, and cyclohexyl. Exemplary alkoxyl
groups nclude methoxy, ethoxy, n-butoxy, n-hexyloxy, and
cyclohexyloxy. Of these, hydrogen, methyl and methoxy are
preferred.

The subscript n 1s an mteger of 1 to 6, and pretferably an
integer ol 1 to 3 when R' directly attached to the naphthalene
ring 1s other than hydrogen.

Y~ 1s a substituted or unsubstituted alkylsulfonate of 1 to
10 carbon atoms, a substituted or unsubstituted arylsulfonate
of 6 to 20 carbon atoms, a substituted or unsubstituted
bisalkylsulfonylimide of 2 to 10 carbon atoms, or a substi-
tuted or unsubstituted trisalkylsulfonylmethide of 3 to 12
carbon atoms. Illustrative examples include trifluo-
romethanesulionate, nonafluorobutanesulfonate, heptade-
cafluorooctanesulfonate, perfluoro-4-ethylcyclohexane-
sulfonate,  2,2.2-trifluoroethanesulionate,  pertluoro-2-
cthoxyethanesulifonate, pentatluorobenzenesulionate,
4-trifluoromethylbenzenesulionate, 4-fluorobenzene-
sulfonate, mesitylenesulifonate, 2,4,6-triisopropylbenzene-
sulfonate, toluenesulionate, benzenesulionate, 4-(4'-tolu-
enesulfonyloxy)benzenesulionate, 6-(4-toluenesulfonyloxy)
naphthalene-2-sulfonate, 4-(4-toluenesulionyloxy)
naphthalene-1-sulfonate, S-(4-toluenesulionyloxy)

naphthalene-1-sulfonate, 8-(4-toluenesulionyloxy)
naphthalene-1-sulfonate, naphthalenesulionate,
camphorsulfonate,  octanesulfonate, = dodecylbenzene-

sulfonate, butanesulionate, methanesulfonate, bis(trifluo-
romethanesulfonyl imide, bis(pertluoroethanesulionyl)
imide, bis(pertluorobutanesulfonyl)imide, tris
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8

(trifluoromethanesulionyl)methide,
(perfluoroethanesulfonyl )methide.

and tris

In formulae (1a) and (1b), Ya™ 1s a perfluoroalkylsulionate
of 1 to 8 carbon atoms, bis(pertluoroalkylsulfonylimide of
2 to 10 carbon atoms or tris(perfluoroalkylsulfonyl)methide
of 3 to 12 carbon atoms, for example, trifluoromethane-
sulfonate,  perfluorobutanesulfonate,  perfluorooctane-
sulfonate, pertluoro-4-ethylcyclohexanesulfonate, bis(trii-
luoromethanesulfonyl)imide, bis(perfluoroethanesulionyl)

imide, bis(pertluorobutanesulionyl yimide, tris
(trifluoromethanesulfonyl)methide, tris
(perfluoroethanesulfonyl )methide, and tris

(perfluorobutanesulionyl)methide.

In formula (1b), X 1s CH, (methylene) or O (oxygen
atom), and m 1s O or 1.

Shown below are 1llustrative examples of suitable cation
skeletons of the sulfomium salts having formulae (1), (1a)
O and (1b).
\S+ s
N __OCH;
P
N
OCH,CH
/ 2 3
AN
N

PN )\ __O(CHy);CH;
X NF

N~
/\‘ N NN
NN ~

/\S+/\

~ O

A ‘ P

/\S+/\
~ OCH,CH,
N

S—|—

NN\ OCHICHS
\/‘ /
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A
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-continued

)

\
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\

</_>
&

/D

/N
\

OCH,CH;

/D

/N
\

/O(CH2)3CH3

Da

{0
{

/D

/N
\

7
A

The preferred sulfonium salts of the mvention are com-
binations of the atorementioned cations with the atoremen-

tioned anions, typically sulfonate, bisalkylsultonylimide and
trisalkylsulfonylmethide, thought not limited thereto.

Any of the existing processes may be employed for the
synthesis of the sulfonium salts of the invention. For
example, synthesis 1s made by reaction of a 2-alkoxynaph-
thalene with a dialkyl sulfoxide or alkylene sulfoxide

according the following scheme.

Rl
J/O
™~

OR :
RZ
Fine-
CH;SO:H" P>Os
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-continued
R R!
gt CHASO5
OR
XN\ F
(\oom
OR
/ \ O'//)S\)
CH:50-:H P>0O
\ / 3 3 25
f(X)m\
\S+/
OR
S
CH;S03"
N

(R', R*, R, X and m are as defined above.)

Preferably reaction of a 2-alkoxynaphthalene with a
dialkyl sulfoxide or alkylene sulfoxide 1s carried out 1n the
presence of a catalyst such as diphosphorus pentoxide-
methanesulfonic acid. Specific catalysts include a 10 wt %
solution of diphosphorus pentoxide-methanesulionic acid,
commercially available reagents such as Eaton’s reagent by
Aldrich, perfluoroalkylsulfonic acids, perfluoroalkylsulionic
acid anhydrides, hydrogen tfluoride, aluminum chloride, and
phosphoric acid.

Examples of 2-alkoxynaphthalenes include 2-methox-
ynaphthalene, 2-ethoxynaphthalene, 2-n-butoxynaphtha-
lene, 2-n-hexyloxynaphthalene, and 2-cyclohexyloxynaph-
thalene.

Examples of dialkyl sulfoxides and alkylene sulfoxides
include dimethyl sulfoxide, diethyl sulfoxide, di-n-butyl
sulfoxide, di-n-hexyl sulifoxide, tetramethylene sulfoxide,
pentamethylene sulfoxide, 2,5-hexylene sulfoxide and the
compound shown below. Of these, tetramethylene sulfoxide
1s most preferred.

/N

() N—

__/

The above reaction leads to substitution of a sulfonium
group at various positions on 2-alkoxynaphthalene although
the main product 1s a compound having a sulfonium group
substituted at 1-position relative to the 2-alkoxy group.

When unsubstituted naphthalene free of an electron dona-
tive group such as alkoxyl group 1s used, 1t 1s diflicult to
produce a sulfonium salt through reaction with sulfoxide.
Even 11 possible, selectivity 1s often low 1n that the product
1s a mixture of 1- and 2-substituted compounds (the substi-
tution position 1s the bonding position to the sulfur atom of
sulfonium).

The sulfonium methanesulfonate or sulfonium having
another anion resulting from the above reaction 1s subjected

to anion exchange in an ordinary manner for conversion to
the compound (1), (1a) or (1b) having Y~ or Ya . For

10

15

20

25

30

35

40

45

50

55

60

65

12

example, the sulfonium salt and an acid, ammonium salt or
alkali metal salt of Y~ or Ya~ are mixed in an aqueous
solution, after which the product precipitates. Alternatively,
the sulfonium salt and an acid, ammonium salt or alkali
metal salt of Y~ or Ya™ are mixed 1n an aqueous solution,
alter which the product 1s extracted with an organic solvent
such as dichloromethane or ethyl acetate.

Resist Compositions
In the second aspect, the present invention provides a
chemically amplified resist composition comprising a pho-
toacid generator having the formula (1), (1a) or (1b). Spe-
cifically, the mvention provides:
[I] a chemically amplified resist composition comprising
(A) a resin which changes its solubility 1in an alkaline
developer under the action of an acid, and

(B) the aforementioned photoacid generator;
[1I] a chemically amplified positive resist composition com-
prising
(A) a resin which changes its solubility 1in an alkaline
developer under the action of an acid, and

(B) the aforementioned photoacid generator;

[11I] the above resist composition further comprising (C) a
compound capable of generating an acid upon exposure to
radiation, other than component (B);

[IV] the above resist composition wherein the resin (A) has
such substituent groups having C—O—C linkages that
the solubility 1n an alkaline developer changes as a result
of scission of the C—O—C linkages under the action of
an acid; and

[V] the above resist composition further comprising (D) a
basic compound.

In the third aspect, the present imvention provides a
process for forming a pattern, comprising the steps of (1)
applying the resist composition onto a substrate to form a
coating; (11) heat treating the coating and exposing the
coating to high energy radiation with a wavelength of up to
250 nm or electron beam through a photomask; (111) option-
ally heat treating the exposed coating, and developing the
coating with a developer.

The chemically amplified resist compositions comprising,
the inventive photoacid generators may be either of positive
type or ol negative type. Positive working resist composi-
tions are preferred from the resolution standpoint. The resist
compositions of the imvention include a variety of embodi-
ments:

<1> a chemically amplified positive working resist com-
position comprising (A) a resin which changes 1ts solubility
in an alkaline developer under the action of an acid, (B) the
photoacid generator of formula (1), (1a) or (1b), and (F) an
organic solvent;

<2> a chemically amplified positive working resist com-
position of <1> turther comprising (C) a photoacid generator
capable of generating an acid upon exposure to radiation,
other than component (B);

<3> a chemically amplified positive working resist com-
position of <l> or <2> further comprising (D) a basic
compound;

<4> a chemically amplified positive working resist com-
position of <l> to <3> further comprising (E) an organic
acid derivative;

<35> a chemically amplified positive working resist com-
position of <1> to <4> further comprising (G) a compound
with a molecular weight of up to 3,000 which changes its
solubility 1n an alkaline developer under the action of an
acid;
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<6> a chemically amplified negative working resist com-
position comprising (B) the photoacid generator of formula

(1), (1a) or (1b), (F) an organic solvent, (H) an alkali-soluble

resin, and (I) an acid crosslinking agent capable of forming
a crosslinked structure under the action of an acid;

<7> a chemically amplified negative working resist com-
position of <6> further comprising (C) another photoacid
generator; and

<8> a chemically amplified negative working resist com-
position of <6> or <7> further comprising (D) a basic
compound.

Now the respective components are described 1n detail.
Component (A)

Component (A) 1s a resin which changes its solubility 1n
an alkaline developer solution under the action of an acid. It
1s preferably, though not limited thereto, a resin having
carboxyl groups 1n which some or all of the hydrogen atoms
of carboxyl groups are protected with acid-labile groups
(1.e., protective groups which are labile to acid). A resin
having phenolic hydroxyl groups 1n which some or all of the
hydroxyl groups are protected with acid-labile groups 1s also
usetul. The latter 1s acceptable for KrF excimer laser expo-
sure, but unacceptable for ArF excimer laser exposure
because 1t forms a resist film with too low a transmittance.

The base resins having acid labile groups or protective
groups which are eliminated under the action of acid include
polyhydroxystyrene (PHS), and copolymers of PHS with
styrene, (meth)acrylic acid esters or maleimide-N-carboxy-
lic acid esters, for KrF excimer laser resist use; (meth)acrylic
acid esters, alternating copolymers of norbornene with
maleic anhydride, alternating copolymers of tetracy-
clododecene with maleic anhydride, polynorbornene and
metathesis polymerized products by ring-opening polymer-
1zation, for ArF excimer laser resist use, although the base
resins are not limited to these polymers.

For polyhydroxystyrene-base resins, reference 1s made to
JP-A 2001-122850 and JP-A 2001-324813. For carboxylic
acid-base resins having low or no hydroxystyrene contents,
reference 1s made to JP-A 2001-337448 and JP-A 2002-
23354 as well as the above-cited JP-A 7-25846, JP-A
7-282377, JP-A 8-27102, JP-A 2001-334669, JP-A 2002-
40636, JP-A 10-319381, and JP-A 2000-292917.

In the embodiment wherein alkali-soluble resins have
phenolic hydroxyl and/or carboxyl groups 1n which some or
all of the phenolic hydroxyl and/or carboxyl groups are
protected with acid-labile substituent groups having a
C—0O—C linkage, the acid labile groups are selected from
a variety of such groups. The preferred acid labile groups are
groups of the following general formulae (4) to (7), tertiary
alkyl groups of 4 to 20 carbon atoms, preferably 4 to 15
carbon atoms, trialkylsilyl groups whose alkyl groups each
have 1 to 6 carbon atoms, oxoalkyl groups of 4 to 20 carbon
atoms, or aryl-substituted alkyl groups of 7 to 20 carbon
atoms.

(4)
RIU

O—R'"?
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— (CH,),—C—0—R?"
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-continued

(6)
RH CHz_CHz

Y
\

(CHp);

/

(CH=CH),

(7)

Herein R' and R'" are independently hydrogen or
straight, branched or cyclic alkyl groups of 1 to 18 carbon
atoms, preferably 1 to 10 carbon atoms, for example,
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-
butyl, cyclopentyl, cyclohexyl, 2-ethylhexyl and n-octyl.
R 1s a monovalent hydrocarbon group of 1 to 18 carbon
atoms, preferably 1 to 10 carbon atoms, which may have a
hetero atom (e.g., oxygen atom), for example, straight,
branched or cyclic alkyl groups, and such groups in which
some hydrogen atoms are substituted with hydroxyl, alkoxy,
0x0, amino or alkylamino groups. Illustrative examples of
the substituted alkyl groups are given below.

— (CH)40H

— (CH,),0(CH,),OH —(CH;)sOH
T
b

A pair of R' and R", a pair of R'” and R'?, or a pair of
R' and R"*, taken together, may form a ring. Each of R'°,
R' and R'“ is a straight or branched alkylene group of 1 to
18 carbon atoms, preferably 1 to 10 carbon atoms, when they
form a ring.

— (CH;,),0(CH,;)3CHj3

R'° is a tertiary alkyl group of 4 to 20 carbon atoms,
preferably 4 to 15 carbon atoms, a trialkylsilyl group whose
alkyl groups each have 1 to 6 carbon atoms, an oxoalkyl
group of 4 to 20 carbon atoms or a group of formula (4).
Exemplary tertiary alkyl groups are tert-butyl, tert-amyl,
1,1-diethylpropyl, 1-ethylcyclopentyl, 1-butylcyclopentyl,
1-ethylcyclohexyl, 1-butylcyclohexyl, 1-ethyl-2-cyclopen-
tenyl, 1-ethyl-2-cyclohexenyl, 2-methyl-2-adamantyl,
2-ethyl-2-adamantyl and  1-adamantyl-1-methylethyl.
Exemplary trialkylsilyl groups are trimethylsilyl, triethylsi-
lyl, and dimethyl-tert-butylsilyl. Exemplary oxoalkyl groups
are 3-oxocyclohexyl, 4-methyl-2-oxooxan-4-yl, and 5-me-
thyl-5-oxooxolan-4-yl. Letter z 1s an integer of 0 to 6.

R'* is a straight, branched or cyclic alkyl group of 1 to 8
carbon atoms or substituted or unsubstituted aryl group of 6
to 20 carbon atoms. Exemplary straight, branched or cyclic
alkyl groups include methyl, ethyl, propyl, 1sopropyl, n-bu-
tyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl, cyclo-
pentyl, cyclohexyl, cyclopentylmethyl, cyclopentylethyl,
cyclohexylmethyl and cyclohexylethyl. Exemplary substi-
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tuted or unsubstituted aryl groups include phenyl, meth-
ylphenyl, naphthyl, anthryl, phenanthryl, and pyrenyl. Letter
hisequaltoOor1,11s equal to 0, 1, 2 or 3, satisiying 2h+1=2
or 3.

R is a straight, branched or cyclic alkyl group of 1 to 8
carbon atoms or substituted or unsubstituted aryl group of 6
to 20 carbon atoms, examples of which are as exemplified
for R'*. R'° to R*> are independently hydrogen or monova-
lent hydrocarbon groups of 1 to 15 carbon atoms which may
contain a hetero atom, for example, straight, branched or
cyclic alkyl groups such as methyl, ethyl, propyl, 1sopropyl,
n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl,
n-octyl, n-nonyl, n-decyl, cyclopentyl, cyclohexyl, cyclo-
pentylmethyl, cyclopentylethyl, cyclopentylbutyl, cyclo-
hexylmethyl, cyclohexylethyl, and cyclohexylbutyl, and
substituted forms of these groups 1 which some hydrogen
atoms are substituted with hydroxyl, alkoxy, carboxy,
alkoxycarbonyl, oxo, amino, alkylamino, cyano, mercapto,
alkylthio, and sulfo groups. R'® to R*>, for example, a pair
of R"™ and R/, a pair of R'"® and R'®, a pair of R*” and R"",
a pair of R'® and R", a pair of R*" and R*", or a pair of R**
and R**, taken together, may form a ring. When R'° to R*>
form a ring, they are divalent hydrocarbon groups of 1 to 15
carbon atoms which may contain a hetero atom, examples of
which are the above-exemplified monovalent hydrocarbon
groups with one hydrogen atom eliminated. Also, two of R*°
to R*> which are attached to adjacent carbon atoms (for
example, a pair of R"® and R"®, a pair of R'® and R** or a pair
of R** and R**) may directly bond together to form a double
bond.

Of the acid labile groups of formula (4), illustrative
examples of the straight or branched groups are given below.

_CHZ_O_CH3 _CHQ_O_CHQ_CH3

- CH2 —(O— (CH2)2 - CH3

CHs
—CH,—O0—(CH,);—CH;  ——CH,—0—CH— CH,
CH, CH,
—CHL,—0—C—CH; ——CH—O—CH,
CH,
CH,
—— CH—O—CH,—CH,
CH, TH3
CH, (THz)z

——CH—O0—CH;
CH,

CH2 CHB

——CH—O—CH,—CH; —CH—0—(CH,);—CHj

——CH—O0—CH;

CH,
CH; (LHz

—(‘:H—(:)—(CHz)z—CH3 —(‘3}1 0—(CH,);— CH,
CIL; CIL;
Jsz ((LHz)z

—(‘3H O— (CH,), — CH., —c|:H O— (CH,);— CH,
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-continued
T
(THz)z TH3
(‘3H3 CH,;
—(CH O { > —(C—0O—CH;j4
CH,;
T
(‘j O—CH,—CHj
CH,
CH,CHj;

{ NH—ao—i—

CH>CHj;

(‘3H2CH3

)
H
CH,CH;
< >—CH20—O—

H

Of the acid labile groups of formula (4), illustrative
examples of the cyclic groups include tetrahydrofuran-2-vl,
2-methyltetrahydrofuran-2-yl, tetrahydropyran-2-yl and
2-methyltetrahydropyran-2-yl.

Ilustrative examples of the acid labile groups of formula
(5) include tert-butoxycarbonyl, tert-butoxycarbonylmethyl,
tert-amyloxycarbonyl, tert-amyloxycarbonylmethyl, 1,1-di-
cthylpropyloxycarbonyl, 1,1-diethylpropyloxycarbonylm-
cthyl, 1-ethylcyclopentyloxycarbonyl, 1-ethylcyclopenty-
loxycarbonylmethyl, 1-ethyl-2-cyclopentenyloxycarbonyl,
1 -ethyl-2-cyclopentenyloxycarbonylmethyl, 1-ethoxy-
cthoxycarbonylmethyl, 2-tetrahydropyranyloxycarbonyl-
methyl, and 2-tetrahydrofuranyloxycarbonylmethyl.

Ilustrative examples of the acid labile groups of formula
(6) include 1-methylcyclopentyl, 1-ethylcyclopentyl, 1-n-
propylcyclopentyl, 1-1sopropylcyclopentyl, 1-n-butylcyclo-
pentyl, 1-sec-butylcyclopentyl, 1-methylcyclohexyl, 1-eth-
ylcyclohexyl, 3-methyl-1-cyclopenten-3-yl, 3-ethyl-1-
cyclopenten-3-yl, 3-methyl-1-cyclohexen-3-yl, 3-ethyl-1-
cyclohexen-3-yl, and 1-cyclohexyl-cyclopentyl.

I[lustrative examples of the acid labile groups of formula
(7) are given below.
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S
/ /
b) (At

Exemplary of the tertiary alkyl group of 4 to 20 carbon
atoms, preferably 4 to 15 carbon atoms, are tert-butyl,
tert-amyl, 1,1-diethylpropyl, 1-ethylcyclopentyl, 1-butylcy-
clopentyl, 1-ethylcyclohexyl, 1-butylcyclohexyl, 1-ethyl-2-
cyclopentenyl, 1-ethyl-2-cyclohexenyl, 2-methyl-2-ada-
mantyl, 2-ethyl-2-adamantyl, 1-adamantyl-1-methylethyl,
and dimethylbenzyl.

Exemplary of the trialkylsilyl groups whose alkyl groups
cach have 1 to 6 carbon atoms are trimethylsilyl, triethyl-

s1lyl, and tert-butyldimethylsilyl.
Exemplary of the oxoalkyl groups of 4 to 20 carbon atoms

are 3-oxocyclohexyl and groups represented by the follow-
ing formulae.

Exemplary of the aryl-substituted alkyl groups of 7 to 20
carbon atoms are benzyl, methylbenzyl, dimethylbenzyl,
diphenylmethyl, and 1,1-diphenylethyl.

Also useful are resins 1n which some phenolic hydroxyl
groups are crosslinked within a molecule and/or between
molecules with acid-decomposable crosslinking groups in
addition to the aforementioned acid labile groups. With
respect to illustrative examples and synthesis of polymers

crosslinked with acid labile groups, reference should be
made to JP-A 11-190904.

The foregoing polymers may be used alone or in admix-
ture of two or more. By the use of two or more types of
polymers, the characteristics of a resist composition can be
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adjusted. A mixture of two or more types of polymers having
different molecular weights or dispersity indexes may be
used.

In the resist composition of the invention, the above-
described resin 1s added 1n any desired amount, and usually
65 to 99 parts by weight, preferably 65 to 98 parts by weight
per 100 parts by weight of the solids 1n the composition. The
term “solids” 1s used to encompass all components in the
resist composition excluding the solvent. In this context, for
example, 65 pbw of the resin per 100 pbw of the solids
means that the resin which 1s solid accounts for 65 wt % of
the solids.

Component (B)

Component (B) in the resist composition 1s the photoacid
generator having formula (1), (1a) or (1b) defined above. An
appropriate amount of the photoacid generator added 1s from
0.1 part to 10 parts by weight, and preferably from 1 to 5
parts by weight, per 100 parts by weight of the solids 1n the
composition.

Component (C)

In one preferred embodiment, the resist composition
turther contains (C) a compound capable of generating an
acid upon exposure to high-energy radiation (UV, deep UV,
clectron beams, x-rays, excimer laser beams, gamma-rays or
synchrotron radiation), that 1s, a second photoacid generator
other than component (B). Suitable second photoacid gen-
erators include sulfonium salts, 10donitum salts, sulfonyldia-
zomethane, N-sulfonyloxydicarboxyimide, O-arylsuliony-
loxime and O-alkylsulionyloxime photoacid generators.
Exemplary second photoacid generators are given below
while they may be used alone or 1n admixture of two or
more.

Sulfonium salts are salts of sulfonium cations with sul-
fonates. Exemplary sulfonium cations include triphenylsul-
fonium, (4-tert-butoxyphenyl)diphenylsulfonium, bis(4-
tert-butoxyphenyl)phenylsulfonium, tris(4-tert-
butoxyphenyl)sulfonium, (3-tert-butoxyphenyl)
diphenylsulfonium, bis(3-tert-butoxyphenyl )
phenylsulfonium, tris(3-tert-butoxyphenyl)sulfonium, (3.4-
di-tert-butoxyphenyl)diphenylsulfonium,  bis(3,4-di-tert-
butoxyphenyl )phenylsulfonium, tris(3,4-di-tert-
butoxyphenyl)sulifonium, diphenyl(4-thiophenoxyphenyl)

sulfonium, (4-tert-butoxycarbonylmethyloxyphenyl)
diphenylsulfonium, tris(4-tert-
butoxycarbonylmethyloxyphenyl)sulfonium, (4-tert-

butoxyphenyl)bis(4-dimethylaminophenyl)sulfonium, tris
(4-dimethylaminophenyl)sulfonium,

4-methylphenyldiphenylsulfonium, 4-tert-butylphenyl-
diphenylsulfonium, bis(4-tert-butylphenyl)phenylsulio-
nium, tris(4-methylphenyl)sulfomium, tris(4-tert-butylphe-
nyl)sulfonium, tris(phenylmethyl)sulfonium,
2-naphthyldiphenylsulfonium, dimethyl-2-naphthylsulio-
nium, 4-hydroxyphenyldimethylsulfomum, 4-methoxyphe-
nyldimethylsulfonium, trimethylsulfonium, 2-oxocyclo-
hexylcyclohexylmethylsulfonium,  trinaphthylsulfonium,
tribenzylsulfonium, diphenylmethylsulfonium, dimeth-
ylphenylsulionium, 2-oxopropylthiacyclopentanium, 2-0x-
obutylthiacyclopentanium, and 2-oxo-2-phenylethylthiacy-
clopentanium. Exemplary sulfonates include
tritfluoromethanesulionate, nonafluorobutanesulfonate, hep-
tadecatluorooctanesulfonate, 2,2,2-trifluoroethanesulionate,
pentatluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesulionate, mesitylenesulifonate,
2.4,6-triisopropylbenzenesulionate, toluenesulifonate, ben-
zenesulfonate, 4-(4'-toluenesulifonyloxy)benzenesulionate,
6-(4-toluenesulionyloxy)naphthalene-2-sulfonate, 4-(4-

toluenesulfonyloxy )naphthalene-1-sulfonate, 5-(4-toluene-
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sulfonyloxy)naphthalene-1-sulfonate, 8-(4-toluenesuliony-
loxy )naphthalene-1-sulfonate, naphthalenesulionate,
camphorsulfonate,  octanesulionate, = dodecylbenzene-
sulfonate, butanesulionate, methanesulfonate, bis(trifluo-
romethanesulfonyl imide, bis(pertluoroethanesulionyl)
imide, bis(pertluorobutanesulionyl)imide, tris
(trifluoromethanesulionyl )methide, and tris
(perfluoroethanesulfonyl)methide. Sulfonium salts based on
combination of the foregoing examples are included.

Iodinium salts are salts of 1odonmium cations with sul-
fonates. Exemplary 1odinium cations are aryliodonium cat-
ions including diphenyliodinium, bis(4-tert-butylphenyl)io-

donium, 4-tert-butoxyphenylphenyliodonium, and
4-methoxyphenylphenyliodonium. Exemplary sulfonates
include  trifluoromethanesulfonate, = nonafluorobutane-

sulfonate, heptadecatluorooctanesulionate, 2,2.2-trifluoroet-
hanesulfonate, pentafluorobenzenesulionate, 4-trifluorom-
cthylbenzenesulionate, 4-fluorobenzenesulfonate,
mesitylenesulionate,  2.4,6-triisopropylbenzenesulionate,
toluenesulionate, benzenesulfonate, 4-(4'-toluenesulfony-
loxy)benzenesulionate, 6-(4-toluenesulionyloxy)naphtha-
lene-1-sulionate, 4-(4-toluenesulfonyloxy)naphthalene-1-

sulfonate, 5-(4-toluenesulifonyloxy)naphthalene-1-
sulfonate, 8-(4-toluenesulifonyloxy)naphthalene-1-
sulfonate, naphthalenesulionate, camphorsulionate,

octanesulifonate, dodecylbenzenesulifonate, butanesulionate,
methanesulionate, bis(trifluoromethanesulfonyl)imide, bis
(perfluoroethanesulfonylimide, bis(pertluorobutanesulio-
nyljimide, tris(trifluoromethanesulfonyl)methide, and tris
(perfluoroethanesulfonyl)methide. Iodontum salts based on
combination of the foregoing examples are included.

Exemplary sulfonyldiazomethane compounds include
bissulfonyldiazomethane compounds and sulfonyl-carbon-
yldiazomethane compounds such as bis(ethylsulfonyl)diaz-
omethane, bis(1-methylpropylsulionyl)diazomethane, bis(2-

methylpropylsulfonyl)diazomethane, bis(1,1-
dimethylethylsulfonyl )diazomethane, bis
(cyclohexylsulfonyl)diazomethane, bis
(perfluoroisopropylsulionyl)diazomethane, bis
(phenylsulfonyl) diazomethane, bis(4-
methylphenylsulionyl)diazomethane, b1s(2,4-
dimethylphenylsulfonyl)diazomethane, bis(4-
acetyloxyphenylsulfonyl)diazomethane, bis(4-

methanesulfonyloxyphenylsultonyl)diazomethane, bis(4-(4-

toluenesulifonyloxy)phenylsulfonyl)diazomethane,  bis(2-
naphthylsulfonyl)diazomethane,

4-methylphenylsulfonylbenzoyldiazomethane,  tert-butyl-
carbonyl-4-methylphenylsulfonyldiazomethane, 2-naphth-

ylsulfonylbenzoyldiazomethane, 4-methylphenylsulfonyl-2-
naphthovldiazomethane,
methylsulfonylbenzoyldiazomethane, and tert-butoxycarbo-
nyl-4-methylphenylsulionyldiazomethane.

N-sulfonyloxydicarboxyimide  photoacid  generators
include combinations of 1mide skeletons with sulfonates.
Exemplary imide skeletons are succinimide, naphthalenedi-
carboxyimide, phthalimide, cyclohexyldicarboxyimide,
S-norbornene-2,3-dicarboxyimide, and 7-oxabicyclo[2.2.1]-
S-heptene-2,3-dicarboxyimide.  Exemplary  sulifonates
include  trifluoromethanesulfonate, = nonafluorobutane-
sulfonate, heptadecafluorooctanesulionate, 2,2,2-trifluoroet-
hanesulfonate, pentatluorobenzenesulionate, 4-trifluorom-
cthylbenzenesulifonate, 4-fluorobenzenesulfonate,
mesitylenesulionate,  2.4,6-triisopropylbenzenesulionate,
toluenesulionate, benzenesulionate, naphthalenesulfonate,
camphorsulfonate,  octanesulfonate, = dodecylbenzene-
sulfonate, butanesultfonate, and methanesulfonate.
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Benzoinsulifonate photoacid generators include benzoin
tosylate, benzoin mesylate, and benzoin butanesulionate.

Pyrogallol trisulfonate photoacid generators include pyro-
gallol, fluoroglycine, catechol, resorcinol, hydroquinone, 1n
which all the hydroxyl groups are substituted with trifluo-
romethanesulfonate, nonatluorobutanesulionate, heptade-
cafluorooctanesulfonate, 2,2, 2-trifluoroethanesulfonate,
pentatluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesultfonate, toluenesulfonate, ben-
zenesulfonate, naphthalenesulifonate, camphorsulionate,
octanesulifonate, dodecylbenzenesulionate, butanesulionate,
methanesulfonate or the like.

Nitrobenzyl sulfonate photoacid generators include 2,4-
dinitrobenzyl sulfonate, 2-nitrobenzyl sulfonate, and 2,6-
dinitrobenzyl sulfonate, with exemplary sulfonates 1nclud-
ing trifluoromethanesulionate, nonafluorobutanesulionate,
heptadecatluorooctanesulionate, 2,2, 2-trifluoroethane-
sulfonate, pentafluorobenzenesulfonate, 4-trifluoromethyl-

benzenesulfonate,  4-fluorobenzenesulfonate, toluene-
sulfonate, benzenesulfonate, naphthalenesulionate,
camphorsulfonate,  octanesulionate,  dodecylbenzene-

sulfonate, butanesulfonate, and methanesulfonate. Also use-
tul are analogous nitrobenzyl sulfonate compounds 1n which
the mitro group on the benzyl side 1s substituted with a
tritluoromethyl group.

Sulfone photoacid generators include bis(phenylsulionyl)
methane, bis(4-methylphenylsulfonyl)methane, bis(2-naph-
thylsulfonyl)methane, 2,2-bis(phenylsulionyl)propane, 2.,2-
bis(4-methylphenylsulfonyl)propane, 2,2-bis(2-
naphthylsulfonyl)propane, 2-methyl-2-(p-toluenesulionyl)
propiophenone, 2-cyclohexylcarbonyl-2-(p-
toluenesulfonyl)propane, and 2,4-dimethyl-2-(p-
toluenesulionyl )pentan-3-one.

Suitable O-arylsulfonyloxime compounds and O-alkyl-
sulfonyloxime compounds (oxime sulfonates) include pho-
toacid generators 1n the form of glyoxime dertvatives (Japa-
nese Patent No. 2906999 and JP-A 9-301948), oxime
sulfonates having long conjugated systems separated by
thiphene or cyclohexadiene (U.S. Pat. No. 6,004,724),
oxime sulfonates having an electron attractive group such as
trifluoromethyl incorporated for enhanced stability (U.S.
Pat. No. 6,261,738 and JP-A 2000-314956), oxime sul-
fonates based on phenyl acetonitrile or substituted acetoni-
trile derivatives (JP-A 9-95479, JP-A 9-230588 and the
references cited therein), and bisoxime sulfonates (JP-A
0-208554, GB 2,348,644A, JP-A 2002-278053).

When the photoacid generator (C) 1s added to resist
compositions adapted for KrF excimer laser lithography, use
1s preferably made of sulfonium salts, bissulfonyldiaz-
omethanes, N-sulfonyloxydicarboxyimides and oxime sul-
fonates. Illustrative examples include triphenylsulfonium
p-toluenesulionate, triphenylsulfonium camphorsulfonate,
triphenylsulfonium pentatluorobenzenesulionate, triphenyl-
sulfontum nonafluorobutanesulfonate, triphenylsulfonium
4-(4'-toluenesulionyloxy)benzenesulionate, triphenylsulio-
nium 2,4,6-triisopropylbenzenesulionate, 4-tert-butoxyphe-
nyldiphenylsulfonium p-toluenesulionate, 4-tert-butoxyphe-
nyldiphenylsulfonium camphorsulionate, 4-tert-
butoxyphenyldiphenylsulfomum 4-(4'-toluene-sulifonyloxy)
benzenesulionate, tris(4-methylphenyl)sulfonium
camphorsulionate, tris(4-tert-butylphenyl)sulfonium cam-
phorsulfonate, bis(tert-butylsulionyl)diazomethane, bis(cy-
clohexylsulfonyl)diazomethane, bis(2,4-dimethylphenylsul-

tonyl)diazomethane, bis(4-tert-butylphenylsulionyl)
diazomethane, N-camphorsulfonyloxy-5-norbornene-2,3-
carboxylic acid 1mide,  N-p-toluenesulfonyloxy-5-

norbornene-2,3-carboxylic acid 1mide, 3-(10-
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camphorsulfonyl)oxyimino-SH-thiophen-2-ylidene,
(2-methylphenyl)acetonitrile, 5-(4-toluenesulionyl)oxy-
imino-5SH-thiophen-2-ylidene), (2-methylphenyl)acetoni-
trile, etc.

When the photoacid generator (C) 1s added to resist
compositions adapted for ArF excimer laser lithography, use
1s preferably made of sulfonium salts. Illustrative examples
include  triphenylsulionium  trifluoromethanesulionate,
triphenylsulfonium pentatluorobenzenesulfonate, triphenyl-
sulfonium nonafluorobutanesulifonate, diphenyl-4-meth-
ylphenylsulfontum nonafluorobutanesulionate, 2-oxo-2-
phenylethylthiacyclopentanium nonafluorobutanesulfonate,
etc.

An appropriate amount of the second photoacid generator
(C) added to the chemically amplified resist composition 1s
0 to 10 parts, and especially 0 to 5 parts by weight per 100
parts by weight of the solids 1 the composition though it 1s
not limited thereto as long as the benefits of the invention are
not compromised. Too high a proportion of the second
photoacid generator (C) may give rise to problems of
degraded resolution and foreign matter upon development
and resist film peeling. The second photoacid generators
may be used alone or i admixture of two or more. The
transmittance of the resist film can be controlled by using a
(second) photoacid generator having a low transmittance at
the exposure wavelength and adjusting the amount of the
photoacid generator added.

In the resist composition of the invention, there may be
added a compound which 1s decomposed with an acid to
generate another acid, that 1s, acid-propagating compound.
For these compounds, reference should be made to .
Photopolym. Sci. and Tech., 8, 43-44, 45-46 (1995), and
ibid., 9, 29-30 (1996).

Examples of the acid-propagating compound include tert-
butyl-2-methyl-2-tosyloxymethyl acetoacetate and 2-phe-
nyl-2-(2-tosyloxyethyl)-1,3-dioxolane, but are not limited
thereto. Of well-known photoacid generators, many of those
compounds having poor stability, especially poor thermal
stability exhibit an acid-propagating compound-like behav-
10T.

In the resist composition of the invention, an appropriate
amount of the acid-propagating compound 1s up to 2 parts,
and especially up to 1 part by weight per 100 parts by weight
of the solids 1n the composition. Excessive amounts of the
acid-propagating compound makes diffusion control dith-
cult, leading to degradation of resolution and pattern con-
figuration.

Component (D)

The basic compound used as component (D) 1s preferably
a compound capable ol suppressing the rate of diffusion
when the acid generated by the photoacid generator diffuses
within the resist film. The inclusion of this type of basic
compound holds down the rate of acid diffusion within the
resist film, resulting i1n better resolution. In addition, it
suppresses changes in sensitivity following exposure and
reduces substrate and environment dependence, as well as
improving the exposure latitude and the pattern profile.

Examples of basic compounds include primary, second-
ary, and tertiary aliphatic amines, mixed amines, aromatic
amines, heterocyclic amines, carboxyl group-bearing nitrog-
enous compounds, sulfonyl group-bearing nitrogenous com-
pounds, hydroxyl group-bearing nitrogenous compounds,
hydroxyphenyl group-bearing nitrogenous compounds,
alcoholic nitrogenous compounds, amide derivatives, and
imide derivatives.

[lustrative examples of the basic compounds are

described 1n JP-A 11-84639, JP-A 2002-226470, JP-A 2002-
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249478, JP-A 2002-363146, JP-A 2002-363148, JP-A 2002-
363152, and JP-A 2001-122850.

The basic compounds may be used alone or 1n admixture
of two or more. The basic compound 1s preferably formu-
lated 1n an amount of 0 to 2 parts, and especially 0.01 to 1
part by weight, per 100 parts by weight of the solids in the
resist composition. The use of more than 2 parts of the basis
compound would result i too low a sensitivity.

Component (E)

[lustrative, non-limiting, examples of the organic acid
derivatives (E) include phenol, cresol, catechol, resorcinol,
pyrogallol, fluoroglycin, bis(4-hydroxyphenyl)methane,
2,2-bis(4'-hydroxyphenyl)propane, bis(4-hydroxyphenyl)
sulfone, 1,1,1-tris(4'-hydroxyphenyl)ethane, 1,1,2-tris(4'-
hydroxyphenyl)ethane, hydroxybenzophenone, 4-hydrox-
yphenylacetic acid, 3-hydroxyphenylacetic acid,
2-hydroxyphenylacetic acid, 3-(4-hydroxyphenyl)propionic
acid, 3-(2-hydroxyphenyl)propionic acid, 2,5-dihydrox-
yphenylacetic acid, 3,4-dihydroxyphenylacetic acid, 1,2-
phenylenediacetic acid, 1,3-phenylenediacetic acid, 1.4-
phenylenediacetic acid, 1,2-phenylenedioxydiacetic acid,
1,4-phenylenedipropanoic acid, benzoic acid, salicylic acid,
4.4-bi1s(4'-hydroxyphenyl)valeric acid, 4-tert-butoxypheny-
lacetic acid, 4-(4-hydroxyphenyl)butyric acid, 3,4-dihy-
droxymandelic acid, and 4-hydroxymandelic acid. Of these,
salicylic acid and 4,4-bis(4'-hydroxyphenyl)valeric acid are
preferred. They may be used alone or 1n admixture of two or
more.

In the resist composition of the invention, the organic acid
derivative 1s preferably formulated in an amount of up to 5
parts, and especially up to 1 part by weight, per 100 parts by
weight of the solids 1n the resist composition. The use of
more than 5 parts of the organic acid derivative would result
in too low a resolution. Depending on the combination of the
other components in the resist composition, the organic acid
derivative may be omitted.

Component (F)

Component (F) 1s an organic solvent. Illustrative, non-
limiting, examples include butyl acetate, amyl acetate,
cyclohexyl acetate, 3-methoxybutyl acetate, methyl ethyl
ketone, methyl amyl ketone, cyclohexanone, cyclopen-
tanone, 3-ethoxyethyl propionate, 3-cthoxymethyl propi-
onate, 3-methoxymethyl propionate, methyl acetoacetate,
cthyl acetoacetate, diacetone alcohol, methylpyruvate, ethyl
pyruvate, propylene glycol monomethyl ether, propylene
glycol monoethyl ether, propylene glycol monomethyl ether
propionate, propylene glycol monoethyl ether propionate,
cthylene glycol monomethyl ether, ethylene glycol mono-
cthyl ether, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, 3-methyl-3-methoxybutanol, N-me-
thylpyrrolidone, dimethyl sulfoxide, y-butyrolactone, propy-
lene glycol methyl ether acetate, propylene glycol ethyl
cther acetate, propylene glycol propyl ether acetate, methyl
lactate, ethyl lactate, propyl lactate, and tetramethyl sulfone.
Of these, the propylene glycol alkyl ether acetates and alkyl
lactates are especially preferred. The solvents may be used
alone or 1n admixture of two or more. An exemplary useful
solvent mixture 1s a mixture of a propylene glycol alkyl ether
acetate and an alkyl lactate. It 1s noted that the alkyl groups
of the propylene glycol alkyl ether acetates are preferably
those of 1 to 4 carbon atoms, for example, methyl, ethyl and
propyl, with methyl and ethyl being especially preferred.
Since the propylene glycol alkyl ether acetates include 1,2-
and 1,3-substituted ones, each includes three i1somers
depending on the combination of substituted positions,
which may be used alone or 1n admixture. It 1s also noted
that the alkyl groups of the alkyl lactates are preferably those
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of 1 to 4 carbon atoms, for example, methyl, ethyl and
propyl, with methyl and ethyl being especially preferred.

The solvent 1s preferably used 1 an amount of 300 to
2,000 parts by weight, especially 400 to 1,000 parts by
weight per 100 parts by weight of the solids 1n the resist
composition. The solvent concentration 1s not limited
thereto as long as a film can be formed by existing methods.

Component (G)

In one preferred embodiment, the resist composition
turther contains (G) a compound with a molecular weight of
up to 3,000 which changes i1ts solubility 1n an alkaline
developer under the action of an acid, that 1s, a dissolution
inhibitor. Typically, a compound obtained by partially or
entirely substituting acid labile substituents on a phenol or
carboxylic acid derivative having a molecular weight of up
to 2,500 1s added as the dissolution inhibitor.

Examples of the phenol or carboxylic acid denivative
having a molecular weight of up to 2,500 include bisphenol
A, bisphenol H, bisphenol S, 4,4-bis(4'-hydroxyphenyl)
valeric acid, tris(4-hydroxyphenyl)methane, 1,1,1-tris(4'-hy-
droxyphenyl)ethane, 1,1,2-tris(4'-hydroxyphenyl)ethane,
phenolphthalein, thymolphthalein, cholic acid, deoxycholic
acid, and lithocholic acid. The acid labile substituents are the
same as those exemplified as the acid labile groups 1n the
polymer.

[lustrative, non-limiting, examples of the dissolution
inhibitors which are useful herein include bis(4-(2'-tetrahy-
dropyranyloxy)phenyl )methane, bis(4-(2'-tetrahydrofurany-
loxy)phenyl)methane, bis(4-tert-butoxyphenyl )methane, bis
(4-tert-butoxycarbonyloxyphenyl)methane, bi1s(4-tert-
butoxycarbonylmethyloxyphenyl )methane, bi1s(4-(1'-
cthoxyethoxy)phenyl)methane, bis(4-(1'-ethoxypropyloxy)
phenyl)methane, 2,2-bi1s(4'-(2" -tetrahydropyranyloxy))
propane, 2,2-bis(4'-(2"-tetrahydrofuranyloxy)phenyl )
propane, 2,2-bis(4'-tert-butoxyphenyl)propane, 2,2-bis(4'-
tert-butoxycarbonyloxyphenyl)propane, 2,2-bis(4-tert-
butoxycarbonylmethyloxyphenyl)propane, 2,2-bis(4'-(1"-
cthoxyethoxy)phenyl)propane, 2,2-bis(4'-(1"-
cthoxypropyloxy)phenyl)propane, tert-butyl 4,4-bis(4'-(2"-
tetrahydropyranyloxy)phenyl)-valerate, tert-butyl 4.,4-bis
(4'-(2"-tetrahydroturanyloxy)phenyl)-valerate,  tert-butyl
4.4-bis(4'-tert-butoxyphenyl)valerate, tert-butyl 4,4-bis(4-
tert-butoxycarbonyloxyphenyl)valerate, tert-butyl 4,4-bis
(4'-tert-butoxycarbonylmethyloxyphenyl)-valerate, tert-bu-
tyl 4,4-b1s(4'-(1"-ethoxyethoxy)phenyl)valerate, tert-butyl
4.4-bi1s(4'-(1"-ethoxypropyloxy)phenyl)valerate, tris(4-(2'-
tetrahydropyranyloxy)phenyl)methane, tris(4-(2'-tetrahy-
drofuranyloxy)phenyl)methane, tris(4-tert-butoxyphenyl)
methane, tris(4-tert-butoxycarbonyloxyphenyl)methane, tris
(4-tert-butoxycarbonyloxymethylphenyl)methane,  tris(4-
(1'-ethoxyethoxy)phenyl)methane, tris(4-(1'-
cthoxypropyloxy)phenyl)methane, 1,1,2-tr1s(4'-(2"-
tetrahydropyranyloxy)phenyl)ethane, 1,1,2-tr1s(4'-(2"-
tetrahydrofuranyloxy)phenyl)ethane, 1,1,2-tr1s(4'-tert-
butoxyphenyl)ethane, 1,1,2-tris(4'-tert-
butoxycarbonyloxyphenyl)ethane, 1,1,2-tr1s(4'-tert-
butoxycarbonylmethyloxyphenyl)ethane, 1,1,2-tris(4'-(1'-
cthoxyethoxy)phenyl)ethane, 1.1, 2-tris(4'-(1'-
cthoxypropyloxy)phenyl)ethane, t-butyl cholate, t-butyl
deoxycholate, and t-butyl lithocholate.

In the resist composition of the invention, an approprate
amount of the dissolution inhibitor (G) 1s up to 20 parts, and
especially up to 15 parts by weight per 100 parts by weight
of the solids 1n the resist composition. With more than 20
parts of the dissolution inhibitor, the resist composition
becomes less heat resistant because of an increased content
of monomer components.
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Component (H)

The photoacid generator of the invention 1s also appli-
cable to a chemical amplification, negative working, resist
composition. This composition further contains an alkali-
soluble resin as component (H). The resins used herein may
be the atorementioned base resins prior to substitution with
acid labile groups. Examples of the alkali-soluble resin
include poly(p-hydroxystyrene), poly(m-hydroxystyrene),
poly(4-hydroxy-2-methylstyrene), poly(4-hydroxy-3-meth-
ylstyrene), poly(a-methyl-p-hydroxystyrene), partially
hydrogenated p-hydroxystyrene copolymers, p-hydroxysty-
rene-c.-methyl-p-hydroxystyrene copolymers, p-hydroxy-
styrene-a.-methylstyrene copolymers, p-hydroxystyrene-
styrene copolymers, p-hydroxystyrene-m-hydroxystyrene
copolymers, p-hydroxystyrene-styrene copolymers, p-hy-
droxystyrene-acrylic acid copolymers, p-hydroxystyrene-
methacrylic acid copolymers, p-hydroxystyrene-methyl
methacrylate copolymers, p-hydroxystyrene-acrylic acid-
methyl methacrylate copolymers, p-hydroxystyrene-methyl
acrylate copolymers, p-hydroxystyrene-methacrylic acid-
methyl methacrylate copolymers, poly(methacrylic acid),
poly(acrylic acid), acrylic acid-methyl acrylate copolymers,
methacrylic acid-methyl methacrylate copolymers, acrylic
acid-maleimide copolymers, methacrylic acid-maleimide
copolymers, p-hydroxystyrene-acrylic  acid-maleimide
copolymers, and p-hydroxystyrene-methacrylic acid-male-
imide copolymers, but are not limited to these combinations.

To impart a certain function, suitable substituent groups
may be introduced into some of the phenolic hydroxyl and
carboxyl groups on the foregoing polymer. Exemplary and
preferred are substituent groups for improving adhesion to
the substrate, substituent groups for improving etching resis-
tance, and especially substituent groups which are relatively
stable to acid and alkali and effective for controlling such
that the dissolution rate in an alkali developer of unexposed
and low exposed areas of a resist {ilm may not become too
high. Illustrative, non-limiting, substituent groups include
2-hydroxyethyl, 2-hydroxypropyl, methoxymethyl, meth-
oxycarbonyl, ethoxycarbonyl, methoxycarbonylmethyl,
cthoxycarbonylmethyl, 4-methyl-2-ox0-4-oxolanyl, 4-me-
thyl-2-oxo-4-oxanyl, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, acetyl, pivaloyl, adamantyl, isoboronyl,
and cyclohexyl. It 1s also possible to introduce acid-decom-
posable substituent groups such as t-butoxycarbonyl and
relatively acid-undecomposable substituent groups such as
t-butyl and t-butoxycarbonylmethyl.

In the resist composition, the above resin 1s blended 1n any
desired amount, preferably of 65 to 99 parts by weight,
especially 65 to 98 parts by weight per 100 parts by weight
of the solids.

Also contained 1n the negative resist composition 1s (1) an
acid crosslinking agent capable of forming a crosslinked
structure under the action of an acid. Typical acid crosslink-
ing agents are compounds having at least two hydroxym-
cthyl, alkoxymethyl, epoxy or vinyl ether groups in a
molecule. Substituted glycoluril derivatives, urea deriva-
tives, and hexa(methoxymethyl)melamine compounds are
suitable as the acid crosslinking agent in the chemically
amplified, negative resist composition of the invention.
Examples include N,N,N' N'-tetramethoxymethylurea, hex-
amethoxymethylmelamine, tetraalkoxymethyl-substituted
glycolurll compounds such as tetrahydroxymethyl-substi-
tuted glycoluril and tetramethoxymethylglycoluril, and con-
densates of phenolic compounds such as substituted or
unsubstituted bisthydroxymethylphenol) compounds and
bisphenol A with epichlorohydrin. Especially preferred acid
crosslinking agents are 1,3,3,7-tetraalkoxymethylglycolurils
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such as 1,3,5,7-tetramethoxymethylglycoluril, 1,3,5,7-tet-
rahydroxymethylglycoluril, 2,6-dihydroxymethyl-p-cresol,
2,6-dihydroxymethylphenol, 2,2'.6,6'-tetrahydroxymethyl-
bisphenol A, 1,4-bis[2-(2-hydroxypropyl)]benzene, N,IN,N',
N'-tetramethoxymethylurea, and  hexamethoxymeth-
ylmelamine.

An appropriate amount of the acid crosslinking agent 1s,
but not limited thereto, about 1 to 20 parts, and especially
about 5 to 15 parts by weight per 100 parts by weight of the
solids 1n the resist composition. The acid crosslinking agents
may be used alone or 1n admixture of any.

In the chemical amplification type resist composition of
the invention, there may be added such additives as a
surfactant for improving coating, and a light absorbing agent
for reducing diffuse reflection from the substrate.

[lustrative, non-limiting, examples of the surfactant
include nonionic surfactants, for example, polyoxyethylene
alkyl ethers such as polyoxyethylene lauryl ether, polyoxy-
cthylene stearyl ether, polyoxyethylene cetyl ether, and
polyoxyethylene oleyl ether, polyoxyethylene alkylaryl
cthers such as polyoxyethylene octylphenol ether and poly-
oxyethylene nonylphenol ether, polyoxyethylene polyox-
ypropylene block copolymers, sorbitan fatty acid esters such
as sorbitan monolaurate, sorbitan monopalmitate, and sor-
bitan monostearate, and polyoxyethylene sorbitan fatty acid
esters such as polyoxyethylene sorbitan monolaurate, poly-
oxyethylene sorbitan monopalmitate, polyoxyethylene sor-
bitan monostearate, polyoxyethylene sorbitan trioleate, and

polyoxyethylene sorbitan tristearate; fluorochemical surfac-
tants such as EFTOP EF301, EF303 and FF332 (Tohkem

Products Co., Ltd.), Megatace F171, F172 and F173 (Dai-
Nippon Ink & Chemicals, Inc.), Fluorad FC430 and FC431
(Sumitomo 3M Co., Ltd.), Aashiguard AG710, Surflon
S-381, S-382, SC101, SC102, SC103, SC104, SCI03,
SC106, Surfynol E1004, KH-10, KH-20, KH-30 and KH-40
(Asahi Glass Co., Ltd.); organosiloxane polymers KP341,
X-70-092 and X-70-093 (Shin-Etsu Chemical Co., Ltd.),
acrylic acid or methacrylic acid Polyflow No. 75 and No. 95
(Kyoeisha Ushi Kagaku Kogyo Co., Ltd.). Inter alia, FC430,
Surflon S-381, Surtynol E1004, KH-20 and KH-30 are
preferred. These surfactants may be used alone or 1n admix-
ture.

In the chemically amplified resist composition according,
to the invention, the surfactant 1s preferably formulated 1n an
amount of up to 2 parts, and especially up to 1 part by
weight, per 100 parts by weight of the solids in the resist
composition.

In the chemically amplified resist composition according,
to the invention, a UV absorber may be added. Those UV
absorbers described 1n JP-A 11-190904 are usetul, but the
invention 1s not limited thereto. Exemplary UV absorbers
are diaryl sulfoxide derivatives such as bis(4-hydroxyphe-
nyl)sultoxide, bis(4-tert-butoxyphenyl)sultoxide, bis(4-tert-
butoxycarbonyloxyphenyl)sulfoxide, and bis[4-(1-ethoxy-
cthoxy)phenyl]sulfoxide; diarylsulione derivatives such as
bis(4-hydroxyphenyl)sulfone, bis(4-tert-butoxyphenyl)sul-
tone, bis(4-tert-butoxycarbonyloxyphenyl)sulione, bis[4-(1-
cthoxyethoxy)phenyl]sulfone, and bis[4-(1-ethoxypropoxy)
phenyl]sulfone; diazo compounds such as
benzoquinonediazide, naphthoquinonediazide, anthraquino-
nediazide, diazofluorene, diazotetralone, and diazophenan-
throne; quinonediazide group-containing compounds such
as complete or partial ester compounds between naphtho-
quinone-1,2-diazide-5-sulfonic acid chloride and 2,3,4-tr1-
hydroxybenzophenone and complete or partial ester com-
pounds between naphthoquinone-1,2-diazide-4-sulifonic
acid chloride and 2.4,4'-trihydroxybenzophenone; tert-butyl
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9-anthracenecarboxylate, tert-amyl 9-anthracenecarboxy-
late, tert-methoxymethyl 9-anthracenecarboxylate, tert-
cthoxyethyl 9-anthracenecarboxylate, 2-tert-tetrahydropyra-
nyl 9-anthracenecarboxylate, and 2-tert-tetrahydrofuranyl
9-anthracenecarboxylate. The UV absorber may or may not
be added to the resist composition depending on the type of
resist composition. An appropriate amount of UV absorber,
if added, 1s 0 to 10 parts, more preferably 0.5 to 10 parts,
most preferably 1 to 5 parts by weight per 100 parts by
weight of the base resin.

Pattern formation using the resist composition of the
invention may be carried out by a known lithographic
technique. For example, the resist composition 1s applied
onto a substrate such as a silicon water by spin coating or the
like to form a resist film having a thickness of 0.1 to 2.0 um,
which 1s then pre-baked on a hot plate at 60 to 150° C. for
1 to 10 minutes, and preferably at 80 to 130° C. for 1 to 5
minutes. A patterning mask having the desired pattern 1s then
placed over the resist film, and the film exposed through the
mask to an ArF excimer laser beam 1n a dose of about 1 to
100 mJ/cm®, and preferably about 5 to 50 mJ/cm?®, then
post-exposure baked (PEB) on a hot plate at 60 to 150° C.
for 1 to 5 minutes, and preferably at 80 to 130° C. for 1 to
3 minutes. Finally, development 1s carried out using as the
developer an aqueous alkali1 solution, such as a 0.1 to 5%
(preferably 2 to 3%) aqueous solution of tetramethylammo-
nium hydroxide (I MAH), this being done by a conventional
method such as dipping, puddling, or spraying for a period
of 0.1 to 3 minutes, and preferably 0.5 to 2 minutes. These
steps result in the formation of the desired pattern on the
substrate. The desired pattern may not be obtainable outside
the upper and lower limits of the above range.

The resist composition comprising the photoacid genera-
tor according to the invention has many advantages includ-
ing excellent resolution, thermal stability, storage stability,
and minimized line edge roughness.

EXAMPL.

L1

Examples of the invention are given below by way of
illustration and not by way of limitation.

Synthesis Example 1

Synthesis of 2-methoxy-1-naphthyltetrahydrothiophenium
pertluorobutanesulionate

Tetramethylene sulfoxide, 2.9 g (0.05 mol), was added to
7.9 g (0.05 mol) of 2-methoxynaphthalene and 15 g of
Eaton’s reagent (Aldrich), followed by 24 hours of stirring
at room temperature. 200 g of water and 100 g of diethyl
cther were added to the reaction mixture for separation into
two layers. To the aqueous layer, 8.5 g (0.025 mol) of
potassium perfluorobutanesulfonate and 100 g of dichlo-
romethane were added, followed by one hour of stirring at
room temperature. The organic layer separated was washed
three times with 50 g of water, after which the solvent was
evaporated ofl on a rotary evaporator. The oily matter was
recrystallized from diethyl ether, filtered and dried. There
was obtained 10.4 g of the end compound, 2-methoxy-1-
naphthyltetrahydrothiophenium  pertluorobutanesulfonate
(vield: 76% based on the potassium perfluorobutane-
sulfonate).

The sulfonium salt thus obtained was analyzed by nuclear
magnetic resonance (NMR) spectroscopy, infrared (IR)
absorption spectroscopy, and time-of-tlight mass spectros-
copy (TOF-MS), with the results shown below.
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Hg
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Hi S He
He O\ /,Hl
C
Hy
CEF;CEF,CEF,CEF,8057
Hd Ha
Hc Hb
1 .
H-NMR(CDCl,): ppm
1) Ha, Hd or He 7.440-7.470 2H multiplet
2) Hb 8.197-8.227 1H doublet
3) Hc or Hf 7.845-7.864 1H doublet
4) He or Hd 7.647-7.713 1H triplet
5) Hf or Hc 8.384-8.415 1H doublet
6) Hg, Hg' 3.737-4.033 2H multiplet
7) Hh, Hh' 2.435-2.785 2H multiplet
8) Hi 4.187 3H singlet
IR: cm™

2972, 1626, 1595, 1512, 1464, 1433, 1354, 1338, 1265,
1209, 1157, 1132, 1057, 1020, 980, 831, 802, 771, 748,
735, 656, 638, 617, 600, 534, 523

MALDI-TOFMS

(+) 245
(=) 299

Synthesis Example 2

Synthesis of 2-n-butoxy-1-naphthyltetrahydrothiophenium
pertluorobutanesulionate

In 100 g of ethanol were dissolved 50 g (0.347 mol) of
2-naphthol and 14.6 g (0.364 mol) of sodium hydroxide.
Under reflux, 50 g (0.364 mol) of n-butyl bromide was
added to the solution, which was refluxed for a further 4
hours. To the reaction solution were added 200 g of water
and 4 g of sodium hydroxide. The organic layer thus
separated, 75 g, was distilled 1 vacuo, obtaining 59 g of
2-n-butoxynaphthalene. The distillate (liquid) solidified
when allowed to stand at room temperature.

Next, 2.9 g (0.05 mol) of tetramethylene sulfoxide was
added to 5.0 g (0.025 mol) of the 2-n-butoxynaphthalene and
15 g of Eaton’s reagent (Aldrich), followed by 24 hours of
stirring at room temperature. 200 g of water and 50 g of
diethyl ether were added to the reaction mixture for sepa-
ration mto two layers. To the aqueous layer, 8.5 g (0.025
mol) of potassium perfluorobutanesulfonate and 100 g of
dichloromethane were added, followed by one hour of
stirring at room temperature. The organic layer separated
was washed three times with 350 g of water, after which the
solvent was evaporated oil on a rotary evaporator. The oily
matter was recrystallized from ethyl acetate, filtered and
dried. There was obtained 13.8 g of the end compound,
2-n-butoxy-1-naphthyltetrahydrothiophenium perfluorobu-
tanesulfonate (yield 94%).

The sulfonium salt thus obtained was analyzed by NMR,
IR, and TOF-MS, with the results shown below.
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:[_]],lF
Hh
o CE;CEF,CELCE>S0O77
Hf gt }{g,g i o Wk Hl
I N N
He O—CH—CH—CH—CH,
Hd Ha
Hc Hb

'H-NMR(CDCl;): ppm
1) Ha, Hd or He 7.430-7.505 2H multiplet
2) Hb 8.184-8.215 1H doublet
3) Hc or Hf 7.833-7.862 1H doublet
4) He or Hd 7.659-7.715 1H triplet
5) Hf or Hc 8.436-—8.467 1H doublet
6) Hg, Hg' 3.788-4.087 2H multiplet
7) Hh, Hh' 2.500-2.762 2H multiplet
&) Hi 4.400-4.470 2H triplet
9) Hj 1.877-1.975 2H multiplet
10) Hk 1.426—1.550 2H multiplet
11) HI 0.990-1.039 3H triplet
IR: cm™!

1624, 1597, 1512, 1475, 1464, 1435, 1352, 1338, 1267.
1234. 1211, 1190, 1155, 1132, 1055, 1018, 1007, 984,

057, 870, 808, 771, 750, 735, 698, 654, 638, 617, 600,
565, 532

MALDI-TOFMS

(+) 287
(=) 299

Synthesis Example 3

Synthesis of 2-methoxy-1-naphthyldimethylsulfonmium per-
fluorobutanesulionate

The end compound was synthesized as 1 Synthesis
Example 1 aside from using dimethyl sulfoxide instead of
tetramethylene sulfoxide in Synthesis Example 1.

Synthesis Example 4

Synthesis of 2-n-butoxy-1-naphthyldimethylsulfonium per-
fluorobutanesulionate

The end compound was synthesized as 1 Synthesis
Example 2 aside from using dimethyl sulfoxide instead of
tetramethylene sulfoxide in Synthesis Example 2.

Synthesis Example 5

Synthesis of 2-n-butoxy-1-naphthyltetrahydrothiephenium
tritfluoromethanesulionate

The end compound was synthesized as in Synthesis
Example 2 aside from using sodium trifluoromethane-
sulfonate instead of potassium pertluorobutanesulfonate 1n
Synthesis Example 2.
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Synthesis Example 6

Synthesis of 2-cyclohexyloxy-1-naphthyltetrahydrothiophe-
nium perfluorobutanesulfonate

The end compound was synthesized as in Synthesis
Example 1 aside from using 2-cyclohexyloxynaphthalene
instead of 2-methoxynaphthalene 1n Synthesis Example 1.

Evaluating Example

The photoacid generators PAG1 to PAG10 shown below,

when formulated into resist compositions, were examined
for sensitivity and resolution.

(PAG1)
S+ H-C4F9803_
O
= NF ‘ N
N X
P (PAG2)
\S+ H-C4FQSO3_
= N ‘ SONN
N X
(PAG3)
ST n-CyalbgS03"
7 O\/\/
AN
(PAG4)
ST CF3 803_
= O\/\/
AN
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Resolution of Resist

Examples 1-41

K
/..
—

(PAGS)

(PAG6)

(PAG7)

(PAGS)

(PAGO)

(PAG10)

Resist compositions were prepared by using PAG1 to
PAG10 as the photoacid generator and Polymers 1 to 28 as
the base resin, and dissolving the polymer and photoacid
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generator 1n a solvent along with a dissolution inhibitor FC-430 (3AM-Sumitomo Co., Ltd.). The resist compositions
(DRR1 to 4), a basic compound and an organic acid deriva- were each filtered through a 0.2-um Tetflon® filter, thereby
tive (ACC1 and 2). The solvent contained 0.01 wt % of giving resist solutions.

(Polymer 1) CH3 H CHj
(bl = 0.40, d1 = 0.60, Mw = 11,200) E; /> \
i dl 0
O
O
O
(Polymer 2) CH; H CHj
(bl = 0.50, d1 = 0.50, Mw = 11,800) O \ / \
J \
dl
0O H O

O
(Polymer 3) 5| CH;
(b1 = 0.50, d1 = 0.50, Mw = 10,900) > /> \
& /bl \ dl
H
0 O
O
O O ;‘
O
O /
(Polymer 4) H CH; H H H

A T

&u

2

(d1 = 0.30,d2 = 0.35, e = 0.35, / \
Mw = 10,500)
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(Polymer 5) H H;
(b1 = 0.40, d1 = 0.30, d2 = 0.30, i
Mw = 12,500)
/ dl
& bl 0
;/ ; < O;
(Polymer 6) H CH3 H H;
(bl = 0.40, b2 = 0.30, d1 = 0.30, / /
Mw = 11,200) \ /
H \ /bz
H O
O
O
| OH
O
(Polymer 7) H H H H
(b1 = 0.40, b2 = 0.20, d1 = 0.40, (
Mw = 12,800)
\ d2 d2
O O
O O
(Polymer 8) H H H H
(d2 = 0.35, b2 = 0.15, e = 0.50,
Mw = 8,300)
d2 b2
>:O ()
O O:<
(Polymer 9) H H H H
(a2 = 0.10, b2 = 0.30, d1 = 0.60,
Mw = 27,600)
al b2
CO,H )
O O

34
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(Polymer 10) 5 8| 2] H

(b2 = 0.40, d2 = 0.60, Mw = 18,300)
b2 d2
)\ .
O O O

(Polymer 11) 0O
(b3 = 0.50, d3 = 0.50, Mw = 29,100) CH
(CHa) (CHa)s
b3
O

Oé\

(Polymer 12) I 8|
(d2 = 0.50, e = 0.50, Mw = §8,300)

o

O O O

H H
d2
O
C;

(Polymer 13)

CO,H

H H
(a2 = 0.10, b2 = 0.30, d1 = 0.60, \
Mw = 27,600)
/a2 b2
/KO

36
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(b2 = 0.40, d2 = 0.60, Mw = 18,300)

(Polymer 15)

(b3 = 0.40, d3 = 0.60, Mw = 29,100)

(Polymer 16)
(dl =0.40, S = 0.20,
e = 0.40, Mw = 10,200)

(Polymer 17)
(dl =0.45, S =0.10,
e = 045, Mw = 12,200)

(Polymer 18)
(dl =0.45, S =0.10,
e = 045, Mw = 14,200)

US 7,235,343 B2

-continued
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(Polymer 19)
(dl =0.45, S =0.10,
e = 045, Mw = 10,200)

(Polymer 20)
(dl =045, S =0.10,
e = 0.45, Mw = 12,600)

(Polymer 21)
(f1 = 0.70, d1 = 0.30, Mw = 14,200)

(Polymer 22)
(f1 = 0.65, d1 = 0.35, Mw = 13,600)

(Polymer 23)
(f1 = 0.65, g2 = 0.20, d1 = 0.15,
Mw = 12,200)
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(Polymer 24)
(f1 =0.70, g1 = 0.15, d1 = 0.15,
Mw = 8,900)

(Polymer 25)
(f1 =0.75, gl =0.13,dl = 0.12,
Mw = 9,800)

(Polymer 26)
(f1 = 0.85, d1 = 0.15, Mw = 10.900)

(Polymer 27)
(f1 = 0.65, {2 = 0.35, Mw = 11,000)

(Polymer 28)
(f1 = 0.65, 12 = 0.20, 13 = 0.15,
Mw = 11,000)
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CO,H

(ACC1)

o -

ArlF Exposure

The resist compositions using Polymers 1 to 20 were
subjected to ArF exposure (wavelength 193 nm).

An antireflection film-forming solution (AR19 by Shipley
Co.) was coated on a silicon substrate and baked at 200° C.
for 60 seconds to form an antiretlection film of 82 nm thick.
The resin solution was spin coated on the antireflection
film-coated substrate and baked on a hot plate at 110° C. for
60 seconds to form a resist {ilm of 300 nm thick. The resist
film was exposed on an ArF excimer laser micro-stepper
(Nikon Corp., NA=0.55, 0=0.7), then baked (PEB) at 110°
C. for 90 seconds, and developed with a 2.38% aqueous
solution of tetramethylammonium hydroxide for 30 seconds.

The optimum exposure (Eop, mJ/cm?®) was defined as the
exposure dose which provided a 1:1 resolution to a line-
and-space pattern of 0.20 um group. The resolution of the
resist under evaluation was defined as the minimum line
width (um) of the lines and spaces that separated at the
optimum exposure. The width of an i1solated line 1n a 1:10
line-and-space pattern at the same exposure was measured,
and the width of an 1solated line subtracted from the width
of the grouped lines was the size difference between 1solated
and densely packed patterns (I/G bias). The group lines were
examined for roughness, which was reported as line edge
roughness.

Storage stability was judged i terms of foreign matter
precipitation or sensitivity change with the passage of time.

After the resist solution was aged for 100 days at the longest,

(DRR3) H)J\

40

45

50

55

60

65

CO,H

O
)J\ 2,
H O %
H .
H H
.y ffO
H )\
O H
(DRR4)

the number of particles of greater than 0.3 um per ml of the
resist solution was counted by means of a particle counter
KL-20A (Rion Co., Ltd.), and the foreign matter precipita-
tion was determined “good” when the number of particles 1s
not more than 5. Also, the sensitivity change was rated
“000d” when a change with time of sensitivity (Eop) was
within 5% from that immediately after preparation, and
“poor” when the change 1s more than 5%.

The results are shown 1n Table 1.

KrlF Exposure

The resist compositions using Polymers 21 to 28 were
subjected to KrF exposure (wavelength 248 nm).

An antireflection film-forming solution (DUV-30 by
Brewer Science) was coated on a silicon substrate and baked
at 200° C. for 60 seconds to form an antireflection film of 55
nm thick. The resin solution was spin coated on the antire-
flection film-coated substrate and baked on a hot plate at
110° C. for 60 seconds to form a resist film of 400 nm thick.
The resist film was exposed on a KrF excimer laser scanner
S203B (Nikon Corp., NA=0.68, s=0.75), then baked (PEB)
at 110° C. for 90 seconds, and developed with a 2.38%
aqueous solution of tetramethylammonium hydroxide for 60
seconds.

The optimum exposure (Eop, mJ/cm”) was defined as the
exposure dose which provided a 1:1 resolution to a line-
and-space pattern of 0.18 um group. The resolution of the
resist under evaluation was defined as the minmimum line
width (um) of the lines and spaces that separated at the
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optimum exposure. The width of an 1solated line 1n a 1:10
line-and-space pattern at the same exposure was measured,
and the width of an 1solated line subtracted from the width
of the grouped lines was the size difference between 1solated
and densely packed patterns (I/G bias). The group lines were
examined for roughness, which was reported as line edge
roughness.

Storage stability was judged in terms of foreign matter
precipitation or sensitivity change with the passage of time.
After the resist solution was aged for 100 days at the longest,
the number of particles of greater than 0.3 um per ml of the
resist solution was counted by means of a particle counter
KL-20A (Rion Co., Ltd.), and the foreign matter precipita-
tion was determined “good” when the number of particles 1s
not more than 5. Also, the sensitivity change was rated
“000d” when a change with time of sensitivity (Eop) was
within 3% 1from that immediately after preparation, and
“poor” when the change 1s more than 5%.

The results are shown 1n Table 2.

The formulation of the resist compositions 1s shown in
Tables 1 and 2 together with the test results. The solvents
and basic compounds are shown below.

PGMEA: propylene glycol methyl ether acetate

CyHO: cyclohexanone

PG/EL: mixture of 70% PGMEA and 30% ethyl lactate

Each of the three solvents contained 0.01 wt % of FC-430
(3M-Sumitomo Co., Ltd.).

TBA: tributylamine

TEA: triethanol amine

TMMEA: trismethoxymethoxyethylamine

TMEMEA: trismethoxyethoxymethoxyethylamine

AAA: tris(2-acetoxyethyl )Jamine

AACN: N,N-bis(2-acetoxyethyl)-3-aminopropiononitrile

Comparative Example

For comparison purposes, the sulfomum salts (PAG6 and
7) and sulfonium salts (PAG11 to 13) shown below, when
formulated 1nto resist compositions, were examined for
sensitivity and resolution.

Dissolution
inhibitor
Or Organic
Photoacid acid
Resin generator derivative
Example (pbw) (pbw) (pbw)
1 Polymerl PAG1 —
(80.0) (3.0)
2 Polymerl PAG?2 —
(80.0) (3.0)
3 Polymerl PAG3 -
(80.0) (3.0)
4 Polyimerl PAGS —
(80.0) (3.0)
5 Polymerl PAGI1 (1.5) —
(80.0) PAG2 (1.5)
6 Polymerl PAG3 (1.5) —
(80.0) PAG4 (1.5)
7 Polymer2 PAG3 (1.5) —
(80.0) PAGO6 (2.0)
8 Polymer3 PAG3 (2.0) —
(80.0) PAG7 (1.0)
9 Polymerd PAG1 (1.5) —
(80.0) PAG4 (1.0)
10 Polymer5 PAGS —
(80.0) (3.0)

(PAG11)
O
)k CFSO;-
5 ;
N
10
(PAG12)
l+ CE3;CEF,CEF,CE528077
~N
15
(PAG13)
NN CF3CF,CF,CF,80;"
20
25 g
30
Comparative Examples 1-6
As 1n Examples, resist compositions were prepared using
s the sulfommum salts (PAG6, PAG7 and PAGI11 to 13) m
accordance with the formulation shown 1n Table 3, exposed
on an ArF micro-stepper, and examined for sensitivity,
resolution and storage stability. The formulation of the resist
compositions 1s shown in Table 3 together with the test
results.
TABLE 1
Storage
Basic [/G Line edge  stability
compound  Solvent Eop Resolution bias roughness after 100
(pbw) (pbw)  (mlem®)  (um)  (am)  (nm) days
TBA PGMEA 35 0.15 23 3.0 good
(0.1) (480.0)
TBA PGMEA 3% 0.15 23 3.0 good
(0.1) (480.0)
TBA PGMEA 40 0.15 25 3.0 good
(0.1) (480.0)
TBA PGMEA 45 0.15 23 3.0 good
(0.1) (480.0)
TBA PGMEA 35 0.15 23 3.0 good
(0.1) (480.0)
TEA PGMEA 35 0.15 30 2.5 good
(0.1) (480.0)
TBA PGMEA 3% 0.15 21 4.0 good
(0.1) (480.0)
TBA PGMEA 30 0.15 23 4.0 good
(0.1) (480.0)
TBA PGMEA 33 0.15 20 7.0 good
(0.1) (480.0)
TBA PGMEA 40 0.16 22 5.0 good

(0.1)

(480.0)
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12
13
14
15

16
17
18
19
20
21
22
23
24
25

20

27

Example

28
29
30
31
32
33
34
35
36

37

Resin

(pbw)

Polymer6
(80.0)
Polymer7
(80.0)
Polymer8
(80.0)
Polymer9
(80.0)
Polymerl0O

(80.0)
Polymerll

(80.0)
Polymerl 2
(80.0)
Polymerl 3
(80.0)
Polymerl4
(80.0)
Polymerl3
(80.0)
Polymerl6
(80.0)
Polymerl?7
(80.0)
Polymerl &
(80.0)
Polymerl9
(80.0)
Polymer20
(80.0)
Polymer7
(40)
Polymerl0O
(40)
Polymer7
(40)
Polymerll
(40)

Resin

(pbw)

Polymer21
(80.0)
Polymer21
(80.0)
Polymer21
(80.0)
Polymer21
(80.0)
Polymer21
(80.0)
Polymer21
(80.0)
Polymer2?2
(80.0)
Polymer23
(80.0)
Polymer2?2
(80.0)

Polymer22
(80.0)

47

Photoacid
generator

(pbw)

PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG1
(3.0)
PAG3
(3.0)
PAG1
(3.0)
PAG3
(3.0)

PAG3 (2.0)
PAG7 (1.0)

Photoacid
generator

(pbw)

PAG1
(3.0)
PAG?
(3.0)
PAG3
(3.0)
PAGS5
(3.0)
PAG1 (2.0)
PAGT7 (2.0)
PAG4 (1.0)
PAGS (2.0)
PAG3 (2.0)
PAG7 (1.0)
PAG3 (1.5)
PAG9 (2.0)
PAG3 (2.0)
PAGR (2.0)
PAG?2 (1.0)

PAG10 (2.0)

Dissolution
inhibitor
Or Organic
acid
derivative

(pbw)

ACC1
(0.5)

ACC2
(0.3)

DRR1
(2.0)
DRR?2
( 2.0)

DRR3
(2.0)
DRR4
(2.0)

Dissolution
inhibitor
Or Organic
acid
derivative

(pbw}

US 7,235,343 B2

TABLE 1-continued

Basic
compound  Solvent
(pbw) (pbw)
TBA PGMEA
(0.1) (480.0)
TBA PGMEA
(0.1) (480.0)
TBA PGMEA
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA PGMEA
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA CyHO
(0.1) (480.0)
TBA PGMEA
(0.1) (480.0)
TBA PGMEA
(0.1) (480.0)
AAA PGMEA
(0.18) (480.0)
TEA PGMEA
(0.1) (480.0)
AACN PGMEA
(0.16) (480.0)
TBA CyHO
(0.1) (480.0)
TEA CyHO
(0.1) (480.0)
TABLE 2
Basic
compound  Solvent
(pbw) (pbw)
TMMEA PGMEA
(0.1) (560.0)
TMMEA PGMEA
(0.1) (560.0)
TMMEA PGMEA
(0.1) (560.0)
T™MMEA PGMEA
(0.1) (560.0)
T™MMEA PGMEA
(0.1) (560.0)
AAA PG/EL
(0.1) (560.0)
T™MMEA PGMEA
(0.1) (560.0)
TMMEA PGMEA
(0.1) (560.0)
TMMEA PGMEA
(0.1) (560.0)
TMMEA PGMEA
(0.1) (560.0)

Eop
(mJ/cm?)

28
35
30
28
28

25
22
35
22
26
34
38
32
34
28

35

30

Eop
(mJ/cm?)

55
65
45
50
50
55
60
45
50

45

(um)
0.15

0.15
0.15
0.15
0.15

0.1%8
0.15
0.18
0.1%
0.16
0.16
0.16
0.16
0.17
0.1%8

0.15

0.15

(pm)
0.15

0.16
0.15
0.15
0.15
0.16
0.15
0.15
0.15

0.16

/G Line edge

Resolution bias roughness

(nm)
20
40
35
35
40

40
30
40
40
45
40
40
20
25
30

30

35

/G Line edge

Resolution bias roughness

(nm)
21
23
20
22
20
21
23
20

22

20

48

(nm)
3.0
6.0
6.0
4.5
3.5

3.5
9.0
3.0
5.0
6.0
4.0
6.0
7.0
5.0
3.0

3.0

3.0

(nm)
5.0
5.0
4.5
5.0
6.0
4.0
4.0
5.5

4.0

5.0

Storage

stability
after 100

days
good
good
good
good
good

good
good
good
good
good
good
good
good
good
good

good

good

Storage

stability
after 100

days
good
good
good
good
good
good
good
good

good

good
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TABLE 2-continued

Dissolution
inhibitor
Or Organic Storage
Photoacid acid Basic /G Line edge stability
Resin generator derivative  compound  Solvent Eop Resolution bias roughness after 100
Example (pbw) (pbw) (pbw) (pbw) (pbw) (mJ/cm?) (um) (nm) (nm) days
38 Polymer22 PAG3 (1.0) - TMMEA PGMEA 50 0.15 20 3.0 good
(80.0) PAG7 (2.0) (0.1) (560.0)
39 Polymer22 PAG1 (1.0) - TMMEA PGMEA 50 0.15 30 6.0 good
(80.0) PAG9 (2.0) (0.1) (560.0)
40 Polymer22 PAG4 (1.0) - TEA PGMEA 55 0.15 35 6.0 good
(80.0)  PAGI0 (2.0) (0.1) (560.0)
TABLE 3
Dissolution
inhibitor
Or Organic Storage
Compar- Photoacid acid Basic ['G Line edge stability
ative Resin generator derivative  compound  Solvent Eop Resolution bias roughness after 100
Example (pbw) (pbw) (pbw) (pbw) (pbw) (mJ/cm?) (m) (nm ) (nm) days
1 Polymerl PAG6 - TBA PGMEA 29 0.16 56 3.8 good
(80.0) (3.0) (0.1) (480.0)
2 Polymerl PAG7 - TBA PGMEA 25 0.18 65 4.5 good
(80.0) (3.0) (0.1) (480.0)
3 Polymerl PAGI11 - TBA PGMEA 27 0.18 60 5.0 poor,
(80.0) (3.0) (0.1) (480.0) sensitivity
drop
4 Polymerl PAGI12 - TBA PGMEA 35 0.18 55 5.0 poor,
(80.0) (3.0) (0.1) (480.0) sensitivity
drop
5 Polymerl PAGI13 - TBA PGMEA 40 0.16 45 6.0 poor,
(80.0) (3.0) (0.1) (480.0) sensitivity
drop
6 Polymerl PAG7 (1.5) - TBA PG/EL 30 0.16 50 4.0 poor,
(80.0)  PAGI13 (1.5) (0.1) (480.0) sensitivity
drop
It 1s evident from Tables 1 to 3 that the resist compositions 40
within the scope of the invention have a higher sensitivity
: : : . 1b
and resolution than the prior art resist compositions and are X, (b)
improved in line edge roughness and 1I/G bias. ™
45
: : : : \S+/
All the aforementioned patent publications are ncorpo- Ya
rated herein by reference. OR
/
Japanese Patent Application No. 2003-132523 is imcor- N

porated herein by reference.

wherein R 1s hydrogen or a substituted or unsubstituted alkyl
group of 1 to 10 carbon atoms,
55 Ya 1s a perfluoroalkylsulfonate of 1 to 8 carbon atoms,
bis(pertluoroalkylsulionylyimide of 2 to 10 carbon
atoms or tris(pertluoroalkylsulfonyl)methide of 3 to 12
carbon atoms,
X 1s CH, (methylene) or O (oxygen atom), and
0 misOorl.
2. A chemically amplified resist composition comprising,
(A) a resin which changes its solubility 1n an alkaline
developer under the action of an acid, and
(B) the photoacid generator of claim 1.

65 3. The resist composition of claim 2, further comprising
(C) a compound capable of generating an acid upon expo-
sure to radiation, other than component (B).

Although some preferred embodiments have been
described, many modifications and variations may be made

thereto 1n light of the above teachings. It i1s therefore to be
understood that the invention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

The invention claimed 1s:

1. A photoacid generator for chemically amplified resist
compositions, having the following general formula (1b):
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4. The resist composition of claim 2, wherein the resin (A)
has such substituent groups having C—O—C linkages that
the solubility 1n an alkaline developer changes as a result of
scission of the C—O—C linkages under the action of an
acid.

5. The resist composition of claim 2, further comprising
(D) a basic compound.

6. A process for forming a pattern, comprising the steps
of:

applying the resist composition of claim 2 onto a substrate
to form a coating,
heat treating the coating and exposing the coating to high
energy radiation with a wavelength of up to 250 nm or
clectron beam through a photomask,
optionally heat treating the exposed coating, and devel-
oping the coating with a developer.
7. A chemically amplified positive resist composition
comprising
(A) a resin which changes 1ts solubility in an alkaline
developer under the action of an acid, and
(B) the photoacid generator of claim 1.
8. The photoacid generator of claim 1, wherein the cation
skeletons of the sulfonium salts having formula (1b) are
selected from the group consisting of:

:S+
/l\ _-OCH;CH;

C

F ‘ X A ‘
N F NN
:S; :S;
ll il _O(CH,);CH; ll il 0O
y ‘ N _-OCH; = OCH,CH;
P .
(\ N
S+#f' \NHS+#J-
O(CH2)3CH3 O
PN I
N N
OCHj OCH,CHj

5

10

15

20

25

30

35

40

45

50

55

60

65
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-continued

O
) . O
gt S
'! i! O(CH,)3CH3 O\O .

9. A chemically amplified resist composition comprising:

(A) a resin which changes its solubility 1n an alkaline
developer under the action of an acid,

(B) a photoacid generator having the following general
Formula (1):

(1)

RZ R!

~e N
Y

/\I)\/OR.

NN

(R

wherein R' and R® are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R”, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached,

R 1s hydrogen or a substituted or unsubstituted alkyl
group of 1 to 10 carbon atoms,

R' 1s hydrogen, a substituted or unsubstituted alkyl group
of 1 to 10 carbon atoms, a substituted or unsubstituted
alkoxyl group of 1 to 10 carbon atoms, or a nitro group,

n 1s an integer of 1 to 6, and

Y™ 1s a substituted or unsubstituted alkylsulionate of 1 to
10 carbon atoms, a substituted or unsubstituted aryl-
sulfonate of 6 to 20 carbon atoms, a substituted or
unsubstituted bisalkylsulfonylimide of 2 to 10 carbon
atoms, or a substituted or unsubstituted trisalkylsulio-
nylmethide of 3 to 12 carbon atoms, and

(C) a compound capable of generating an acid upon
exposure to radiation, other than compound (B).

10. The resist composition of claim 9, further comprising
(D) a basic compound.

11. A process for forming a pattern, comprising the steps
of:

applying the resist composition of claim 9 onto a substrate
to form a coating,

heat treating the coating and exposing the coating to high
energy radiation with a wavelength of up to 250 nm or
clectron beam through a photomask,

optionally heat treating the exposed coating, and
developing the coating with a developer.
12. A chemically amplified resist composition compris-
ng:
(A) a resin which changes its solubility 1in an alkaline
developer under the action of an acid,

(B) a photoacid generator having the following general
Formula (1a):
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(la)

wherein R' and R® are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached,

R 1s hydrogen or a substituted or unsubstituted alkyl
group of 1 to 10 carbon atoms, and

Ya~ 1s a pertluoroalkylsulfonate of 1 to 8 carbon atoms,
bis(perfluoroalkylsulfonylimide of 2 to 20 carbon
atoms, or tris(perfluoroalkylsultonyl)methide of 3 to 12
carbon atoms, and

(C) a compound capable of generating an acid upon
exposure to radiation, other than compound (B).

13. A chemically amplified resist composition compris-

ng:

(A) a resin having substituent groups having C—0O—C
linkages such that the solubility 1n an alkaline devel-
oper changes as a result of scission of the C—O—C
linkages under the action of an acid, and

(B) a photoacid generator having the following general

Formula (1):

(1)

RZ R!
\\S_F‘F Y_
OR
= I AN
R |
RN P

wherein R' and R”® are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached,
R 1s hydrogen or a substituted or unsubstituted alkyl
group of 1 to 10 carbon atoms,
R' 1s hydrogen, a substituted or unsubstituted alkyl group
of 1 to 10 carbon atoms, a substituted or unsubstituted
alkoxyl group of 1 to 10 carbon atoms, or a nitro group,
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n 1s an integer of 1 to 6, and

Y~ 1s a substituted or unsubstituted alkylsulfonate of 1 to
10 carbon atoms, a substituted or msubstituted arylsul-
fonate of 6 to 20 carbon atoms, a substituted or unsub-
stituted bisalkylsulfonylimide of 2 to 10 carbon atoms,
or a substituted or unsubstituted trisalkylsulfonylme-
thide of 3 to 12 carbon atoms.

14. The resist composition of claim 13, further comprising

(D) a basic compound.
15. A process for forming a pattern, comprising the steps

of:

applying the resist composition of claim 13 onto a sub-
strate to form a coating,

heat treating the coating and exposing the coating to high
energy radiation with a wavelength of up to 250 nm or
clectron beam through a photomask,

optionally heat treating the exposed coating, and

developing the coating with a developer.

16. A chemically amplified resist composition compris-

ng:

(A) a resin having substituent groups having C—0O—C
linkages such that the solubility 1n an alkaline devel-
oper changes as a results of scission of the C—O—C
linkages under the action of an acid,

(B) a photoacid generator having the following general
Formula (1a):

(la)
RZ R
g7 Yar
OR
XN F

wherein R' and R”® are each independently a straight,
branched or cyclic, unsubstituted or oxygen-containing alkyl
group of 1 to 6 carbon atoms, or R' and R?, taken together,
may form an unsubstituted or oxygen-containing ring struc-
ture of 4 to 6 carbon atoms with the sulfur atom to which
they are attached,

R 1s hydrogen or a substituted or unsubstituted alkyl
group of 1 to 10 carbon atoms, and

Ya™ 1s a perfluoroalkylsulfonate of 1 to 8 carbon atoms,
bis(pertluoroalkylsulfonyl)imide of 2 to 20 carbon
atoms, or tris(perfluoroalkylsulfonylymethide of 3 to 12

carbon atoms.
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